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CHAPTER  III 

METHODOLOGICAL  PROBLEMS  OP  CYBERNETIC  MODELING  AND 
LOGIC-MATHEMATICAL  DESCRIPTION  OP  THE 
PROCESSES  OP  AN  ARMED  STRUGGLE 

Electronic  and  mathematical  modeling  Is  the  most  Important  method 
of  cybernetics.  At  the  same  time  simulation  Is  an  Important  method 
In  military-scientific  investigation  and  the  combat  training  of 
troops:  maneuvers,  command-staff  studies,  and  field  trials  —  lodels 
of  combat  actions,  replacing  them  In  peacetime.  Radical  conversions 
In  military  affairs  made  the  simple  transfer  of  past  experience  to 
prcr.ent  Impossible,  therefore  frequently  the  means  of  checking 
mllltary-sclentJ  flc  hypotheses  can  now  be  only  a  "quasl-practlcal" 
check  on  models,  Including  electronic  and  mathematical  models. 

In  thl3  chapter  consideration  Is  given  to  the  philosophical 
bases  of  simulation  as  a  method  of  perception,  the  specific  nature 
of  cybernetic  modeling,  and  Its  role  In  military  affairs.  Specific 
attention  is  given  to  the  problem  of  the  simulation  of  human 
psychology,  Inasmuch  as  successes  in  this  area  determine  the  boundarie 
of  the  possible  and  impossible  In  cybernetics  and  the  future  of 
development  of  "man  -  battle  technology  systems."  A  special  section 
of  the  chapter  Is  devoted  to  the  problem  of  construction  of  logic- 
mathematical  models  of  the  processes  of  armed  struggle.  The  future 
of  automation  of  control  of  troops  depends  on  the  solution  of  this 
problem. 


1.  Methodological  Problems  of 
Cybernetic  Modeling 

The  basic  concept  of  cybernetics  is  the  concept  of  the  similarity 
of  structure  and  functions  of  control  systems  of  a  various  nature. 
Cybernetics  as  a  science  of  the  general  laws  of  control  exists 
because  in  systems  of  the  most  diverse  nature  the  structure  of  cause- 
result  bonds,  algorithms  of  control,  matrices  of  conversions,  etc.,  a^e 
Isomorphic.  Therefore  simultaneously  with  cybernetics  the  thought 
was  born  about  the  possibility  of  the  modeling  of  systems  and 
processes  of  control  of  the  same  nature  with  the  help  of  analogous 
systems  and  processes  of  another  nature.  The  method  of  modeling  was 
so  eignif leant,  that  some  even  consider  that  the  object  of  cybernetics 
is  not  control,  but  modeling,  In  particular  the  technical  modeling 
of  the  functions  of  living  organisms  and  human  Intellect. 

However,  modeling  is  not  an  object,  but  a  method  of  cybernetics, 
which  does  not  »tudy  the  laws  of  simulation,  but  applies  them  for  an 
analysis  and  r  *.hesis  of  control  systems.  Moreover  simulation  Is 
not  a  unique  n>  *  ,d  of  cybernetics.  Methods  of  investigation  and 
optimization  of  systems  exist  which  are  not  connected  with  simulation. 
Let  us  take  such  an  example.  Now  model  investigations  of  the  dermo- 
fatty  layer  of  dolphins  and  the  dynamics  of  their  motion  are  being 
conducted  with  great  success.  The  fact  is  that  with  relatively 
little  power  dolphins  develop  a  paradoxically  high  speed.  Apparently 
by  this  route  it  is  possibl-  to  achieve  a  substantial  improvement 
in  the  hydrodynamic  qualities  of  submarines.  There  was  also  a  report 
about  the  investigations  of  the  desicn  of  the  pterostigma  on  the 
wings  of  a  dragonfly  for  the  purpose  of  finding  means  for  averting 
flutter  on  aircraft.  In  all  their  importance  these  investigations 
do  nut  pertain  to  the  competence  of  cybernetics,  but  to  bionics,  to 
aero-  and  hydrodynamics.  Cybernetic  and  bionic  simulation  arc 
merged  only  when  they  model  the  control  systems  of  living  organisms  - 
their  senses  organs,  nervous  syctem,  and  the  brain. 

Modeling  has  very  ancient  sources  and  In  connected  genetically 
with  entire  object-instrument  activity  of  man.  But  only  in  connection 
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with  the  development  of  cybernetics  it  turned  from  a  semi-lntultlve 
analogization  into  an  original  method  of  scientific  perception.  With 
the  computer  it  became  possible  to  create  not  only  static,  substrate- 
structural,  but  also  dynamic  functional  models.  As  a  result  modeling 
became  an  effective,  frequently  unique  method  for  the  investigation 
of  complex  dynamic  systems  in  biology,  economics,  and  military  affairs. 
It  must  be  noted  that  the  peculiarity  of  the  present  stage  of 
development  of  science  consists  namely  of  the  motion  of  matter  - 
biological  and  social,  the  essence  and  the  specific  nature  of  which 
lie  mainly  In, the  complex  system  of  organization  of  objects.  It  is 
not  accidental  therefore  that  a  number  of  authors  point  out  the 
process  of  "cybernetlcationN  of  contemporary  science. 

It  must  be  noted  that  today  the  concept  of  "cybernetic  modeling" 
Is  used  in  the  literature  In  two  meanings.  First  in  the  broad 
sense,  wh.#n  they  want  to  distinguish  the  present  stage  of  development 
of  simulation  from  the  previous  "pre-cybemetlc."  Secondly  In  a 
narrow  meaning  when  they  want  to  distinguish  the  simulation  of  control 
^  systems  from  the  simulation  of  any  other  systems.  Unfortunately  this 
terminology  was  already  formed,  and  only  the  calculation  of  the 
context  In  which  this  expression  is  used  Is  free  from  confusion. 

Cybernetic  simulation  (in  both  meanings)  did  net  become  the 
object  of  philosophical-methodological  investigation  at  once.  For 
a  long  time  Instead  of  the  detailed  analysis  of  the  ontological  bases 
and  gnoseological  nature  of  the  method  of  simulation  on  the  whole, 
the  interests  of  the  majority  of  authors  were  concentrated  on  the 
unique  problem  of  this  circle  -  the  question  of  the  possibility  of 
the  simulation  of  human  Intellect.  Although  the  question  of  how 
far  the  Isomorphism  of  a  machine  and  the  brain  extends  Is  Important 
and  Interesting,  this  problem,  which  became  unique,  turned  Into  an 
unusual  brake.  Only  In  recent  years  did  solid  investigations  appear 
which  were  devoted  to  simulation  on  the  whole.1 


‘See  V.  A.  Shtoff.  The  role  of  models  in  knowledge,  LOU  Pub¬ 
lishing  House,  1963;  I.  B.  Novlk.  The  simulation  of  complex  systems 
(a  philosophical  outline).  "Mysl»"  Publishing  House,  1965;  B.  A. 
Ollnskly  et  al.  Simulation  as  a  method  of  scientific  investigation. 
MOU  Publishing  House,  1965. 
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Nevertheless  philosophical-methodological  elements  have  an 
Important  effect  on  the  success  of  a  model  Investigation.  The  con¬ 
struction  of  a  model  requires  not  only  a  formal-logical  thought  on  a 
prepared  algorithm,  but  also  creative  power,  imagination,  and  intuition. 
Therefore  here  to  the  greatest  measure  is  manifested  the  ideology  of 
the  scientist.  When  P.  Hoyle  in  his  cosmogonlcal  model  of  the  world 
includes  such  an  initial  condition  as  "the  creation  of  matter  from 
nothing,"  this  is  the  result  of  his  idealistic  outloo*.  Conversely, 
the  heliocentric  model  of  the  solar  system  of  Copernicus,  the  Ruther¬ 
ford  model  of  the  atom,  or  the  models  of  organic  molecules  created 
by  Butterov  are  the  consequence  of  the  materialist  Ideology  of  these 
scientists. 

In  the  simulation  of  mechanical,  physical,  and  chemical  phenomena 
the  elementary  materialism  of  the  scientist  proves  to  be  a  sufficiently 
reliable  compass.  However,  cybernetic  simulation  stepped  over  the 
boundaries  of  these  three  forms  of  motion  of  matter.  The  models  of 
complex  biological  and  social  systems  do  not  possess  an  elementary 
clarity,  and  that  la  why  only  "common  sense"  becomes  insufficient i 
indeed  elementary  materialism  in  most  cases  does  not  rise  to  the 
scientific  explanation  of  life,  psychology,  and  social-historic 
processes. 

The  model  investigation  of  armed  struggle  requires  the  develop¬ 
ment  of  a  number  of  methodological  problems.  For  example,  models 
of  the  type  of  command-staff  studies  will  produce  high-quality 
scientific  information  only  in  the  case  when  the  methods  of  determina¬ 
tion  of  the  degree  of  isomorphism  of  the  object  and  model,  the  means 
of  transfer  of  information  from  the  model  to  the  object,  etc.,  are 
thoroughly  investigated.  In  other  words,  it  is  impossible  to  say  that 
in  this  model  it  is  reliable  and  in  that  it  is  conjectural. 

In  recent  years  in  connection  with  the  development  of  simulation 
as  a  method  of  knowledge  there  has  been  much  dispute  over  vhat  it 
tueh  a  model.  While  simulation  played  the  role  of  a  secondary  method, 
which  was  applied  in  a  few  branches  of  science,  the  models  themselves 


were  elementary,  this  notion  was  of  no  interest  to  anyone.  Interest 
In  its  Investigation  developed  when  it  turned  out  that  simulation  is 
the  most  important  general-scientific  method. 

The  concept  of  a  model  is  very  varied.  Artists  name  as  a  model 
the  live  model,  from  which  a  canvas  is  painted,  and  in  science  the 
model  is  frequently  the  simplified  arrangement  of  any  object,  for 
example  an  atom.  As  we  see,  in  some  cases  a  model  is  that  from  which 
a  copy  is  made,  and  in  others  -  the  copy  itself.  However,  here  there 
is  no  arbitrariness  or  confusion.  It  is  simply  necessary  to 
distinguish  the  place  of  a  model  in  the  process  of  perception  of  an 
object  and  in  the  process  of  its  reproduction. 

In  an  investigation,  in  perception  a  model  follows  an  object, 
it  is  a  pattern  of  it,  and  in  reproduction,  in  engineering, 
conversely,  the  object  follows  the  model  and  is  a  pattern  of  it. 

For  example,  during  the  investigation  of  the  dynamics  of  an  engagement 
of  a  fighter  airplane  with  s  bomber  an  electronic  model  is  the  copy 
of  the  actual  battle,  and  in  the  process  of  the  creation  of  new  form 
of  armament  a  structural  model  comes  forward  as  a  sample  for  the 
creation  of  aeries  objects. 

The  objective  base  and  characteristic  feature  of  any  simulation 
is  the  presence  of  a  similarity  between  the  model  and  object  being 
simulated.  This  generality  expresses  itself  in  the  homomorphic  or 
isomorphic  correspondence  of  the  object  and  model. 

The  questions  of  classification  of  models  are  complete'*  complex 
and  still  weakly  developed.  Some  authors  propose  to  dit*ti:.j”.;*n 
cognitive  (gnoslologlcal )  and  practical-technical  models  (model- 
substitutes,  imitators,  equivalents).  In  other  works  it  is  planned 
to  divide  models  into  informative  and  constructive-energetic  (for 
example,  the  prosthrses  cf  the  extremities).  In  all  appearance,  all 
gnoslcloglcal  models  are  informative  and  among  practical-technical 
both  informative  (for  example,  calculators  and  plotters  in  bor.bslr.htr ) 
and  constructive-energetic  (antenna  equivalents). 


In  this  work  mainly  informative  models  are  considered,  since 
namely  they  are  applied  during  a  theoretical  investigation  and  in  the 
practical  work  of  systems  for  the  control  of  troops  and  weapons. 

Several  points  of  view  exist  on  the  volume  and  content  of  the 
concept  of  an  informative  model.  The  first  of  them  is  reduced  to 
the  fact  that  a  model  is  any  object,  process,  or  system,  in  any 
respect  similar  to  another  object,  process  or  system.  Schematically 
this  looks  as  is  shown  in  Pig.  3*1*  Such  a  point  of  view  Is  held 
by  the  compilers  of  the  Philosophical  Encyclopedia.1  In  accordance 
with  this  concept  any  isomorphic  systems  are  models  of  each  other. 
Note,  not  r>nly  may,  but  are  models.  Thus  Isomorphism  is  not  only 
necessary,  but  also  a  sufficient  condition  that  the  objects  be 
models.  Moreover  this  ratio  is  symmetric,  two  isomorphic  objects 
reciprocally  model  each  other. 

Pig.  3.1. 

Jf  we  agree  with  this  point  of  view,  then  one  ought  to  recognize 
that  the  concept  of  model  relation  Is  altogether  only  a  new  name  of  a 
homomorphic  or  isomorphic  relation.  With  such  an  approach  this 
concept  does  not  expose  anything  specifically  Inherent  to  the  method 
of  simulation  and  it  does  not  carry  any  new  Information,  which  was 
not  -ontained  in  the  concepts  of  "object"  and  "isomorphism." 

More  fruitful  Is  the  concept  of  A.  A.  Zinov'yev,  I.  I.  Kesvin, 

I.  B.  t.'ovlk,  and  A.  P.  Dmltriyev.1  They  stem  from  the  premise  that 
simulation  is  a  specific  cognitive  method,  when  the  subject  instead 
of  the  direct  investigation  of  the  object  of  knowledge  selects  or 
creates  a  similar  auxiliary  object-substitute,  Investigates  it,  and 
transfers  the  Information  obtained  to  the  objec* .original.  With  such 

'See  Philosophical  Encyclopedia,  Vol.  3,  page  481. 

*3ee  A.  A.  Zlnov'yev,  I.  1.  Revzln.  The  logical  model  as  a  mean- 
of  scientific  investigation.  "Voprosy  filosofli,"  I960,  No.  1; 

1.  B.  Novik.  About  the  simulation  of  complex  systems  "Mysl'"  Pub. 
House,  1965. 


an  approach  the  most  active  role  belongs  to  a  perceptive  subject:  a 
model  situation  appears  according  to  Its  Initiative,  the  cognitive 
aontgnraent  assigned  to  it  determines  the  required  measure  and  form  of 
similarity  of  the  model  and  object,  moreover  more  frequently  it  does 
not  simply  select,  but  constructs  the  model.  Let  us  say  in  creating 
an  electronic  model  of  the  system  of  control  of  a  pilotless  airplane- 
interceptor,  the  investigator  thinks  over  ahead  of  time  the  differ¬ 
ential  equations  of  which  order  should  solve  its  arrangement.  Other¬ 
wise  it  will  not  be  a  model.  Without  a  perceptive  subject  any 
objects,  no  matter  how  similar  to  one  another,  remain  "rank  and  file" 
physical  bodies,  and  their  isomorphic  similarities  —  only  a  prerequi¬ 
site,  thanks  to  which  one  of  them  can  in  the  process  of  knowledge 
become  the  model  of  the  other. 

Simulation  proposes  the  presence  not  of  two  (an  object  and  a 
model),  but  of  three  elements  -  a  subject,  an  object,  and  a  model. 
Schematically  this  situation  is  depicted  as  is  shown  in  Pig.  3.2. 

Such  a  treatment  of  a  simulation  readily  explains  the  finesse  or  the 
interdependence  of  subject,  object,  and  model  in  the  process  of 
physical,  mathematical,  and  electronic  simulation. 


This  diagram  "operates”  also  in  the  case  of  mental  simulation, 
to  which  eommarders  and  engineers  resort  very  frequently.  Here, 
however,  some  explanations  are  necessary. 

Mental  simulation  is  a  cognitive  method  when  a  man  creates  in  his 
head  the  perfect  model  of  an  object,  investigates  it  or  conducts  a 
mental  experiment,  and  then  transfers  the  results  to  the  object.  In 
this  instance  the  model  Is  found  in  the  head  of  the  subject  and  this 
situation  apparently  cannot  be  shown  as  a  triangle,  as  in  Fig.  3.2. 
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The  majority  of  authors,  who  maintain  the  "three-element"  concept, 
prove  its  generality  in  an  example  of  material  models,  but  then, 
when  the  turn  reaches  the  analysis  of  mental  models,  then,  without 
pointed  attention  to  the  specific  nature  of  simulation,  in  the 
category  of  models  they  include  all  mental  Torms.  This  occurs 
because  frequently  authors  consider  mental  emulation  as  a  particular, 
not  very  Important  method  and  they  do  not  strive  for  a  high  strictness 
of  analysis.  However,  this  is  far  from  being  so.  Before  building  or 
selecting  a  material  model,  man  constructs  it  mentally.  Further  the 
fate  of  the  model  depends  on  its  complexity  iir.d  elaboration  of  the 
methods  of  Investigation.  Those  models,  with  which  man  freely 
operates  in  his  head,  also  remain  mental.  The  others  are  printed 
on  paper  in  the  form  of  sign  models  of  various  types  (drafts,  map, 
plans,  charts,  formulas,  etc.).  And  only  some  of  the  mental  and  sign 
models  are  materialised  in  material  systems,  for  example  in  a 
computer.1  In  this  way,  without  investigating  the  nature  of  mental 
simulation,  one  cannot  consider  the  problem  of  simulation  solved  in 
general . 

The  complexity  of  the  question  lies  in  the  fact  that  it  is 
difficult  to  distinguish  mental  models  from  a  number  of  other  types 
of  a  psychic  representation.  Frequently  the  notions  of  model  and 
mental  pattern  are  used  as  synonyms.  "Knowledge  is  simulation,  the 
brain  is  an  enormous  simulating  device,"  writes  professor  H.  K.  Amosov. 
Actually  any  theory,  Inasmuch  as  it  is  isomorphic  to  the  Investigated 
object,  can  be  used  in  the  capacity  of  its  mental  model.  However, 
recognizing  the  concepts  of  "an  ideal  pattern"  and  "a  mental  model" 
as  synonyms,  we  are  making  a  purely  literary,  but  not  scientific 
acquisition:  any  specific  nature  of  mental  simulation  as  a  specific 
.  cognitive  method  is  not  revealed.  Who  will  gain  from  consciousness 


‘The  majority  of  attempts  to  give  a  logically  orderly  classi¬ 
fication  of  models  proved  to  be  not  completely  successful,  because 
the  models  are  taken  in  statics,  are  outside  the  process  of  simulation. 
Oenetlcally  connected,  tunning  from  on:  into  another  in  the  process 
of  knowledge,  in  schemes  they  appear  disconnected  and  fixed.  Only 
having  presented  them  as  the  product  of  specific  stages  of  the 
process  of  knowledge  is  it  possible  to  understand  what  is  the  real 
connection  between  the  various  forms  of  models. 


8 


of  that  fact  that  each  application  of  a  mathematical  formula  la 
mental  simulation?1 

The  process  of  mental  simulation  flows  thuely.  The  pattern 
be Ins  created  in  the  Lead  of  man  (whether  it  be  concrete-sensual  or 
abstract- logical)  to  a  certain  decree  is  Isomorphic  to  the  object 
depicted  in  it.  At  the  same  time  a  mental  pattern  is  not  identical 
to  the  object:  as  a  result  of  abstraction  from  secondary  the 
substantial  features  of  an  object  in  a  representation  can  come  forward 
more  brightly  than  In  the  original.  However,  a  pattern  becomes  a 
model  only  *nen  th*»  perceptive  subject  (perceptively  or  intuitively; 
resorts  to  the  operation  of  averaging  and,  instead  of  directly 
investigating  the  known  object,  directs  its  forces  to  the  study  on  the 
structure*  and  features  or  U.a  mental  representation  in  order  that  the 
information  obtained  in  this  care  be  transferred  subsequently  to  tne 
known  object  itself.  Otherwise  the  pattern  will  not  become  a  model. 

Let  us  examine  an  example,  when  in  the  capucity  a?  the  model 
a  sufficiently  developed  theory  ia  *sed,  for  example,  the  theory  of 
automatic  regulation.  Its  logical  structure  and  mathematical 
apparatus  reflect.  tie  practical  physical  structure  and  the  lawr  of 
functioning  of  objects.  Therefore  the  features,  connections,  and 
the  relationship  of  the  theory  itself,  having  becomu  the  object  of 
Independent  investigation,  car.  r*?rvc  as  the  cource  ef  information 
about  fe-.turer,  connections,  and  the  relationships  of  objects.  For 
this  first  of  all  the  degree  of  similarity  of  the  theory  and  the 
object  la  determined. 

In  Investigating  the  axiomatic*!,  a  conceptual  fund,  the  structure 
of  the  logical  apparatus,  and  the  connection  of  the  situations 
included  in  the  theory,  and  in  analysing  mathematical  apparatur  and 
even  the  features  of  s/ubolism,  new,  previously  unknown  information 
is  obtained.  However,  at  this  stage  of  investigation  the  information 
obtained  refers  only  to  the  model  itself  and  it  does  not  have  a 
relationship  to  the  object.  Therefore  the  final  stage  of  mental 


*v.  A.  Shtoff  writes  the  any  perfect  pattern  can  te  considered  »z 
a  mental  model  of  the  phenomenon  being  reflected  (see  the  *Ht uc  of 
Models  and  Knowledge,"  page  51). 


simulation  is  the  operation  of  transfer  of  information  obtained  from 
the  model  to  the  object.  Most  frequently  this  transfer  acquires  the 
nature  of  a  concise  interpretation  of  a  formal-logical  or  mathematical 
result.  In  this  way  in  physics  several  features  of  elementary 
particles  were  discovered  -  strangeness*  a  barlon  number*  Uotopic 
spin*  and  hypercharge.  In  investigating  the  logic-mathematical 
structure  of  a  theory*  physicists  at  first  Introduced  these  notions 
formally*  and  only  then  they  approached  the  search  for  their  physical 
interpretation.  Likewise  is  the  matter  when*  having  examine)  -in 
abstract  model  of  battle  actions*  a  commander  passes  over  to  thv 
concise  tactical  interpretation  of  the  result. 


One  can  assume*  that  man  resorts  to  mental  simulation  nueh  more 
frequently  than  this  ie  reoordei  consciously.  The  utilization  of 
concrete-sensual  patterns  in  the  capacity  of  models*  as  a  rule, 
proceeds  intuitively.  Por  example*  fliers  relate  that  sometimes  they 
seemingly  see  their  aircraft  and  its  trajectory  from  the  side. 
Abstract-logical  models  require  one  or  another  degree  of  realisation 
of  the  actions  of  the  subject. 


Inasmuch  as  In  the  capacity  of  an  abstract  model  uort  frequently 
a  formal  loglc-mathematloal  apparatus  Is  used*  and  not  the  concise 
components  of  a  theory  (Initial  premises*  principles,  conclusions* 
Interpretation),  then  the  investigation  and  realized  application  of 
a  mental  slmulutlon  was  begun  namely  in  those  sciences,  in  which  this 
apparatus  has  a  great  specific  importance.  Therefore  also  in  military- 
scientific  investigations  simulation  penetrates  sufficiently  the 
oathematlzatlon  of  military  selenee.  However*  also  in  the  abstract- 
logical  area  sometimes  it  is  possible  to  observe  hew  an  Investigator 
spontaneously*  unconsciously  passes  over  from  the  examination  or 
the  object  Itself  to  the  analysis  of  the  structure  of  the  theory 
describing  this  object.  Some  authors*  for  example*  from  an  analysis 
of  the  very  systems  and  processes  for  the  control  of  troops  accomplish 
an  "imperceptible"  passage  to  the  examination  of  the  description 
of  control  given  in  this  or  that  work.  Inasmuch  as  neither  the 
isomorphism  of  the  object  and  the  model,  i»:»r  the  rules  of  nn 
Interpretation  in  ti.lr.  instance  are  investigated  specially,  then  in 
this  caee  not  only  err cr3,  but  also  crude  gross  errors  or*  possible. 


While  the  model  la  rather  simple ,  it  can  be  operated  in  the 
head  and  it  remains  mental  at  *11  stages  of  the  investigation. 

However*  a  model*  let  us  say  of  such  a  system  as  an  automatic  pilot* 
is  difficult  to  retain  in  memory  and  man  is  forced  to  resort  to 
recording.  So  »ign  medal*  appear*  the  cognitive  role  of  which 
recently  has  Increased  sharply. 

Methodological  difficulties  during  the  investigation  of  suoh 
models  are  begun  from  doubt*  sign  models  are  considered  mental  or 
material.  The  problem  was  especially  complicated  with  the  advent  of 
the  computer:  on  the  one  hand  the  models  in  a  computer  are  doubtlessly 
material*  on  the  other  hand*  they  are  found  in  just  as  much  an 
obvious  relationship  with  sign  models*  and  through  them  —  with  mental 
models . 

In  order  to  analyte  the  nature  of  sign  models*  let  us  turn  first 
of  all  to  the  data  of  semiotics  -  a  seienoe  dealing  with  the  lnvestl- 
gatlon  of  the  general  features  and  characteristics  of  signs  and  of 
sign  systems.1  A  sign*  write  the  specialists  in  semiotlos*  is  that 
stimulus  which  pJay*  the  part  of  a  signal  of  another  stimulus.  If 
the  stimulus  causes  an  efi'eot  only  on  itself  and  does  not  signal 
anything  outside*  then  it  is  not  a  sign. 

At  first  glance  it  follows  henoe*  as  if  any  sign  can  play  the 
part  of  the  model  of  an  object:  a  sign  -  this  is  a  signal*  and  a 
signal*  as  is  known*  is  isomorphic  to  the  described  object.  However* 
signs  differ.  There  are  sign-copies  and  lingual  signs.  A  sign-copy 
is  a  reproduction  of  the  object  being  designated.  Such*  for  example 
are  photographs*  topographic  maps*  drafts  and  fingerprints.  Such 
signs  are  isomorphic  to  objects  and  they  can  play  the  part  of  their 
models*  moreover  material  models. 

An  entirely  different  rale  in  simulation  is  played  by  lingual 
signs*  which  enter  into  the  composition  of  natural  or  artificial 


‘See  L.  0.  Rexnikov.  GnoslclogicaV  questions  of  semiotics.  LOU 
.Publishing  House*  1964}  A.  A.  Vetrov.  Semiotics  and  its  basic 
problems.  Polltlzdat*  1968. 
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languages.  (Artificial  languages  Include  formal -logical  and  mathe¬ 
matical  calculations,  code  systems,  information-logic  languages  for 
the  composition  of  computer  programs,  etc.)  Lingual  signs  in  contrast 
to  sign-copies  are  not  able  to  replace  the  designated  object,  these 
signs  do  not  resemble  the  designated  object  at  all.  Aotually,  neither 
the  configuration  nor  the  mutual  disposition  of  symbols 

f 

in  no  way  resemble  the  process  of  change  in  voltage  in  armatures. 

With  the  poreess  that  Is  similar  which  stands  after  these  signs  in 
our  memory  -  patterns,  representations,  oonoepts.  A  model  is  not  the 
sign  Itself  as  such,  but  its  value.1 


The  latter  leads  to  the  fact  that  sign  models  have  a  dual  nature. 
Aotually,  Inasmuch  as  the  model  Itself  is  not  transferred  to  the 
paper,  but  its  arbitrary  designation  (its  own  kind  of  "small  bundle 
for  storage"),  then  simulation  in  essence  remains  mental.  On  the 
other  hand,  for  man,  who  knows  the  alphabet,  the  signs  on  paper 
actually  come  forward  in  the  oapaolty  of  a  material  model  of  a 
practical  process. 


The  key  to  the  understanding  of  this  duality  is  the  active  role 
of  the  cognisant  subject:  he  places  the  signs  in  correspondence  to 
the  objeot,  and  these  signs  are  lsomorphlo  to  the  object  only  for 
him.  Perhaps  the  "behavior"  of  a  sign  model  can  be  compared  with  the 
behavior  of  a  virus.  As  is  known,  a  virus  lives  only  when  it  is 
found  In  a  living  cell.  Outside  a  cell  it  is  an  Inanimate  structure, 
able  to  activate  again  only  when  it  enters  a  cell.  A  mental  model 
"lives"  inasmuch  «e  the  subject  operates  with  it  as  a  means  of 
knowledge.  A  sign  system  turns  into  its  own  kind  of  "spore,"  it 


‘Lingual  signs  are  genetically  connected  with  sign-copies  and 
other  nonllngutl  signs.  They  resulted  from  figures,  following  the 
visual  patterns  of  practical  objects.  The  graphic  similarity  dis¬ 
appears  gradually,  in  proportion  to  the  increase  in  the  ability  of 
people  for  abstracting.  But  still  even  now  in  some  lingual  signs  the 
traces  of  a  figure  have  been  preserved.  Por  example,  roman  numerals 
1,  IX,  III  are  evidently  copied  from  the  human  fingers,  V  -  with  five 
fingers,  and  X  apparently  represents  two  groups  of  five  fingers  put 
together. 
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temporarily  dies  when  It  remains  on  paper,  but  it  is  ready  to  be 
turned  into  a  nodal  in  the  head  of  the  nan  who  knows  its  alphabet. 

Thu*  an  experienced  commander  in  a  fixed,  it  would  seen,  tactical 
arrangement  sees  the  dynamics  of  battle. 

Both  mental  and  sign  simulation  along  with  advantages  possess 

shortcomings.  Mental  models  are  dynamle,  are  able  to  reproduce  not 

only  the  separate  states  of  an  object,  but  also  the  processes  of  its 

functioning.  However,  they  are  not  suffloiently  "spacious" s  man 
* 

cannot  operate  in  hia  head  with  very  large  models,  "beating"  hln 
with  their  complexity ,  let  us  cay  with  suoh  as  a  model  of  the  air 
defense  system  of  a  country.  Sim  models,  conversely,  in  prlnolple 
can  be  as  large  as  desired,  but  they  are  static  even  in  the  oase  when 
in  their  recordings  they  reflect  the  dynamlos  of  processes.  Therefore 
the  further  development  of  mental  and  sign  simulation  is  connected 
with  the  utilisation  of  olootronio  computer*.  In  a  computer  the 
synthesis  of  advantages  and  mutual  compensation  of  shortcomings  of 
this  and  that  types  of  models  is  attained:  here  models  are  created 
which  can  be  called  dynamic  signs  cf  "quasi-mental"  models.  In 
essence  the  computer  models  not  only  the  investigated  phenomenon,  but 
partly  also  the  modeling  subject.  More  exactly  it  models  its  ability 
to  operate  with  sign  models. 

The  utilization  of  digital  and  analog  computers  for  simulation 
led,  in  the  essence  of  the  matter,  to  the  second  generation  of 
simulation  as  a  method  of  scientific  knowledge.  The  distinctions  of 
cybernetic  simulation  (in  the  broad  sense  of  this  notion)  from  pre- 
oybernetic  are  oo  substantial  that  one  ought  to  dwell  on  them 
separately.  * 

Cybernetic  simulation  —  this  is  timulation  of  oomploz  eyeteme, 
which  are  complex  not  only  in  a  substrate  and  structural,  but  also  in 
a  functional  respect.1  Pre-oyberne*ic  simulation  was  applied  there 


(It  mist  b*  noted  that  the  concept  of  complexity  has  still  not 
been  developed  sufficiently.  Thus,  according  to  Ashby  a  system  is 
complex  if  in  something  "it  beats"  the  investigator.  With  such  an 
approach  only  the  characteristic  of  the  subjective  perception  of 
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where  systems  either  were  simple  or  could  he  separated  Into  simple 
components.  Biological  and  social  systems,  as  a  rule,  are  distinguished 
by  the  fact  that  an  attempt  to  decompose  then  tn  the  p»v.#».»««  of 
Investigation  Into  simple  elements  leads  to  the  obliteration  of  the 
very  object  of  Investigation,  l.e. ,  those  specific  regularities  wnlch 
are  manifested  only  In  an  Integral  system,  for  example,  having 
decomposed  the  brain  Into  separate  neurons,  it  Is  possible  to 
Investigate  chemical  and,  at  the  best,  biological  regularities  of 
the  work  of  a  brain,  but  by  no  means  psychlo:  the  latter  arc  the 
function  of  the  Integral  brain.  Having  divided  the  military  acsocta- 
tlon  into  separate,  noncormected  people,  nothing  can  be  learned  about 
the  regularities  of  formation  of  the  sense  of  military  duty,  of  army 
oomradeahip,  and  so  forth. 

Up  to  the  appearance  of  cybernetics  and  the  computer  attempts  to 
take  into  account  the  true  complexity  of  phenomena  often  led  only  to 
the  exposure  of  general  tendencies:  "with  an  increase  of  this  or 
that  it  increases  (It  diminishes)."  The  absence  of  calculation  of 
the  complexity  of  the  Investigated  systems,  as  a  rule,  led  to  meehani- 
cation  or  to  trivial  results:  "if  we  do  not  eoneider  the  moral 
factor  and  the  ability  of  command  personnel,  then  two  battalions  are 
stronger  than  one." 

Digital  and  analog  maohlnes,  and  In  particular  analog-digital 
complexes  which  have  been  developed  In  recent  years  made  it  possible 


[FOOTNOTE  CONTINUED  FROM  PRECEDING  PAGE]:  complexity  Is  exposed 
by  an  investigator.  The  objective  basis  remains  in  a  shadow.  There 
is  Interest  In  the  attempt  of  I.  B.  Novik  to  introduce  the  quantita¬ 
tive  criterion  of  complexity  of  systems.  This  criterion  is  defined 
as  "tte  relationship  of  the  number  of  classes  of  external  pressures, 
which  a  system  is  able  to  balance,  to  the  number  of  already  known 
olasses  of  pressures,  with  which  a  system  Is  not  in  a  state  to  be 
balanced.  (For  the  simulation  of  complex  systems,  see  page  lot).*  It 
is  possible  to  argue  about  how  far  suen  a  criterion  Is  correct, 
however,  it  possesses  two  advantages:  In  the  first  place  It  Is  more 
objective  than  the  criterion  of  Ashby,  In  the  second  place  It 
determines  complexity  not  through  static  substrate  or  structural 
indices,  but  through  indices  of  dynamic  functioning. 


•This  page  of  foreign  document  was  not  translated. 


to  construct  models  of  complex  phenomena  with  completely  permissible 
simplifications.  In  these  models  processes  whloh  are  described  by  a 
ermplex  system  of  differential  equations  are  examined  thoroughly, 
numerical  integration  la  carried  out  freelv,  and  there  ia  the  possi¬ 
bility  to  simulate  the  processes,  described  not  by  a  formula,  but  by 
'an  algorithm.  It  is  important  to  note  that  during  simulation  on  a 
computer  It  Is  possible  to  oarry  out  a  sufficient  quantity  of  realisa¬ 
tions  of  the  investigated  process  In  an  abbreviated  scale  of  time. 

This  produces  rich  statistical  material,  the  obtaining  of  which,  let 
us  say  in  the  oourse  of  army  maneuvers,  would  require  years  and 
expenditures  of  millions,  furthermore ,  the  possibility  Is  opened  to 
compare  the  hundreds  of  the  variants  of  a  process  and  to  seleot  the 
optimum  one.  Por  example,  it  is  possible  to  Investigate,  whloh 
battle  formations  are  the  best  under  conditions  of  utilisation  of 
weapons  of  mass  destruction,  and  to  find  the  optimum,  which  ensures 
the  least  losses  with  the  best  interaction  and  coordination  of 
fire  of  the  subunits. 

In  the  scientific  research  establishments  of  the  08  Army  such 
models  are  constructed  to  investigate  the  dynasties  of  oomblned-arms 
combat.  Each  element  of  the  memory  device  of  the  machine  oontains 
data  about  one  of  the  active  objects  (a  platoon  of  infan.ry,  a  tank, 
an  artillery  battery)  or  about  one  of  the  passive  objects  (forest, 
mountain,  looal  objects,  minefield).  Into  the  memory  device  the 
coordinates  of  objects  on  the  battlefield  and  some  of  their  charac¬ 
teristics  are  fed.  Por  passive  objeots  characteristics  are  the 
degree  of  their  limitation  of  visibility,  difficulties  of  movement 
and  so  forth.  Por  aotlve  -  the  firing  range,  the  rate  of  movement 
and  so  forth.  The  behavior  of  eaoh  aotlve  object  is  decomposed  into 
three  stages:  the  selection  of  target  for  firing,  firing,  and 
movement  to  the  new  position.  The  selection  of  a  target  depends  on 
the  tactical-technical  characteristics  of  the  uojeot  and  the  target, 
on  the  assigned  mission,  and  the  situation.  After  eaoh  "stot" 
the  arithmetical  device  of  the  oomputer  conducts  for  eaoh  target  an 
appraisal  of  the  hit  probability  and  then  it  assigns  to  some  of  them 
damages,  and  if  they  should  be  oomplotely  knooked  out  excludes  them 
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from  the  memory  device.  Then  the  active  objects  are  moved  to  new 
positions  in  accordance  with  the  tactical  assignment!  situation  and 
the  conditions  of  th?  terrain.1 

Having  developed  the  methods  for  investigation  of  complex 
systems!  cybernetics!  according  to  Ashby*  became  "the  first  strict 
science  of  complexity.” 

Tae  second  important  feature  of  cybernetic  simulation  lies  in 
the  fact  that  this  is  simulation  of  dynamic  systems*  mainly  system* 
of  complex  dynamism.  The  term  "dynamic  system”  is  not  s Ingle- valued, 

Zn  an  encyclopedia*  for  example*  it  is  defined  thusly:  "a  dynamic 
system  la  the  totality  of  physical  objects*  the  state  of  which  ohangea 
with  time”.1  Strictly  speaking*  this  definition  will  cover  any 
objeots*  since  In  the  world  there  are  no  nondynamic  systems  In  this 
meaning.  However  specialists  In  automation  and  cybernetics  have 
Introduced  a  speclflo  meaning  In  this  concept.  They  have  In  mind 
not  physical  objeots  as  such*  but  only  that  aspect  of  them  which  is 
described  by  equations  of  a  given  type  and  Is  considered  In  a  given 
relationship.  Let  us  say  that  only  mechanical  movements  of  elements 
of  a  syatem  have  been  taken  for  examination.  Xn  this  case  any  fixed 
design  In  a  mechanical  respect  Is  not  considered  dynamlo*  although  it 
la  known*  that  In  lta  elements  continuous  physical  and  ohemleal 
changes  are  taking  place.  Zn  another  case  and  In  another  respect  this 
system  itself  can  be  recognised  as  dynamic. 

However*  the  meaning  of  the  concept  "dynamic  system”  is  not  cx 
exhausted  by  this.  During  a  prolonged  period  of  time  science  had  a 
rule  In  effect:  "change  fsktors  one  at  a  time.”  This  was  an  effective 
and  reasonable  method  of  investigation*  Inasmuch  as  the  investigated 
objects  themselves  allowed  such  an  approach  to  their  study.  In 


‘See  V.  S.  Slnyak.  Military  utilisation  of  electronic  computers. 
Voyenltdat*  1963*  page  123*127. 

‘Encyclopedia  "The  Automation  of  Production  and  Industrial 
Electronic  Engineering*”  Vol.  X*  page  329. 
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Investigating,  for  example,  the  dependence  of  the  state  of  a  gaa 
on  temperature,  pressure,  and  volume,  it  followed  initially  to  observe 
the  dependence  of  pressure  on  volume  at  roost  temperature,  then  the 
dependence  of  pressure  on  temperature  at  a  constant  volume,  and  so 
forth.  In  this  wsy  the  equations  of  Gay-Lussao,  Boyle-Karlotte, 
and  Clapeyron  were  obtained,  however,  biological  and  social  system 
do  not  allow  this  approach:  having  changed  one  of  the  parameters, 
we  inevitably  change  all  or  the  majority  of  the  remaining  ones, 
moreover  there  is  no  possibility  to  compensate  or  even  to  follow  all 
the  changes.  So  it  proceeds  during  the  investigation  of  the  dynamics 
of  price  formation:  the  prioes  of  all  industrial  goods  and  foodstuffs 
are  interconnected  so  tightly,  that  the  chsnge  in  a  price  of  one  of 
the  types  of  goods  causes  an  avalanche-type  chain  reaction.  For  the 
analysis  of  such  systems  a  method  developed  by  cybernetics  is  applied 
in  which  the  parameters  of  the  system  change  not  "by  one"  but  in  a 
complex:  the  entire  totality  of  output  parameters  is  plaoed  in 
correspondence  to  the  entire  totality  of  the  states  of  the  input 
parameters  of  the  system.  The  effectiveness  of  this  method  is 
multiplied,  when  the  matrices  of  the  states  of  the  system  are  analysed 
not  "manually"  but  with  the  help  of  a  computer.1 

An  Important  feature  of  dynamism  is  noted  by  N.  Wiener.  He 
indicates  that  one  ought  to  distinguish  reversible  and  irreversible 
processes.  In  the  first  a  cyclic  recurrence  is  observed,  a  repetition, 
a  "reversal"  of  the  process  is  admissible.  For  example,  if  we  take  a 
motion  picture  about  the  motion  of  planets  ami  then  start  this  film 
in  the  opposite  direction,  then  we  will  not  see  any  disturbance  of 
Newtonian  mechanics.  In  irreversible  processes  repetition  either  is 
not  observed  at  all,  or  it  is  eroded.  If  in  the  equations  of  the 
turbulent  motion  of  clouds  in  the  area  of  a  thunderstorm  front  we 
replace  the  variable  t  by  then  completely  improbable,  contradictory 
the  laws  of  a  nature,  ploture  is  obtained.  The  changes  in  the 
systems,  being  lnvest.gated  and  created  by  cybernetics,  bear  a 
complex,  irreversible  nature  and  are  connected  with  development. 


'See  W.  Boss  Ashby.  Introduction  to  cybernetics.  Chapter  I. 
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The  processes  of  armed  struggle  alto  bear  an  irreversible  nature , 
the  development  of  combat  action*,  aa  a  rule,  doe a  not  lead  to  word- 
for-word  repetition  of  paat  situations.  Therefore  it  ia  necessary  to 
become  closely  acquainted  with  the  problem  of  simulation  of  development. 

In  recent  years  the  problem  of  simulation  of  developing  systems 
has  been  attracting  ever  greater  attention.  In  a  number  of  works 
this  problem  was  discussed  in  passing, 1  and  works  have  already 
appeared  which  are  specially  dedicated  to  this  question,  for  example 
the  artiole  by  L.  V.  Smirnov,  "Mathematical  simulation  of  develop¬ 
ment."*  In  spite  of  some  inau curacies ,  in  this  article  a  number  of 
remarks  are  made  which  deserve  attention.  In  the  first  place,  author 
correctly  indicates  that  any  model,  depleting  the  essence  of  develop¬ 
ment,  should  be  probabilistic:  during  the  transition  of  a  system 
from  one  state  into  another  only  some  possibilities  will  be  realised. 
This  explains  the  irreversibility  of  a  process,  since  the  system  cannot 
desorlbc  accurately  the  same  trajectory  in  the  opposite  direction. 

Xn  the  second  place,  the  author  correctly  notes  that  the  most  suitable 
mathematical  apparatus  for  t!..-  description  of  a  development  are 
"Markov  chains"  -  a  specific  type  of  random  processes  investigated 
by  the  prominent  Russian  mathematician  A.  A.  Markov.  The  Markov 
chain  is  that  sequc »ce  of  random  process,  in  which  the  outoome  of 
the  given  experiment  depends  on  the  outcome  of  a  preceding  experiment, 
but  does  not  depend  on  the  outcome  of  earlier  experiments.*  Such  a 
sequence  recreates  substantial  aspects  of  a  development  because 
"heredity"  and  "changeability"  of  a  developing  system  are  combined, 
its  simultaneous  dependence  and  Independence  on  preceding  states. 

'See  M.  S.  Bartlett.  Introduction  to  the  theory  of  random 
prt  eeses.  Publ.  House  for  foreign  literature,  1958;  V.  S.  Nemchlnov. 
Economic-mathematical  methods  and  models.  Sotsekgix,  1962;  N.  M. 
Amosov.  The  simulation  of  thought  and  psychics.  Xiyev.  Publ.  House 
"Naukava  dumka,"  1965. 

’See  "Problemy  fllosofle,"  1965,  No.  1,  page  67. 

*Por  a  more  exact  definition  of  the  Markov  process  see  J.  Kemeni, 
J.  Snell  and  J.  Thompson.  The  introduction  to  finite  mathematics, 
page  212. 
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It  is  difficult  without  ft  thorough  lnveatlgfttion  to  sty  how 
substantial  are  those  aspects  of  the  process  of  development  which  are 
reflected  by  a  Markov  chain.  All  the  more  so  it  is  difficult  to 
judge  if  this  apparatus  is  suitable  for  all  processes  of  development. 
However,  it  is  possible  to  express  hope  that  a  rather  broad  clasa  of 
processes  of  anse^i  struggle  can  be  modeled  with  the  help  of  this 
apparatus . 

A  substantial  feature  of  the  process  of  development  is  also  the 
fact  that  its  source  is  included  in  the  developing  phenomenon  itself. 
In  speaking  about  development,  they  usually  have  in  mind  namely 
eelZ-dfeectopnen*.  The  simulation  of  this  feature  of  development  is 
still  the  most  complex  problem.  However,  the  development  of  self- 
organising,  and  in  the  future  self-reproducing  devices,  will 
apparently  allow  the  overcoming  of  this  difficulty  also. 

Cybernetic  simulation  is  still  functional  simulation,  l.e.,  such 
in  which  external  similarities  are  not  attained,  no  similarities  in 
the  nature  of  elements,  and  even  no  structural  similarity  of  systems, 
but  mainly  the  similarities  of  behavior  of  the  model  and  the  object. 
For  pre-cybernetlc  simulation  a  characteristic  is  the  substrate- 
attributive  approach,  in  which  it  is  considered  that  to  investigate 
an  object  means  to  learn  of  what  elements  it  consists  and  what 
properties  these  elements  possess.  Only  after  this  the  interaction 
of  elements  and  the  structure  of  the  system  are  investigated  and 
finally  conclusions  are  made  about  the  possible  types  of  functioning 
of  an  object.  On  the  whole  this  is  an  effective  and  fruitful  method. 
For  example,  the  investigation  of  the  combat  qualities  of  a  soldier 
allvws  the  making  of  important  conclusions  relative  to  the  structure 
and  combat  capabilities  of  an  army  on  the  whole.  However,  along  with 
advantages  this  i.ithod  also  possesses  shortcomings,  which  led  to  the 
appearance  of  the  functional  method  of  investigation. 

The  rudiments  of  the  functional  method  are  already  contained  in 
the  approach  of  Newton  to  the  investigation  of  the  problems  of 
gravity.  It  i»  known  that  many  physicists,  including  Hooke  and 
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Huygens,  attempted  to  Investigate  the  nature  of  gravity  by  the 
substrate-attributive  method,  i.e,  to  find  the  "matter"  of  gravity 
and  to  determine  Its  properties.  Newton  did  not  start  to  eonduct 
a  "frontal  attack"  on  gravitation  quantum,  but  circumvented  this 
difficulty  by  the  fact  that  he  gave  a  formal-mathematical,  In  essence 
functional,  expression  of  the  law  of  universal  gravity*  This  approach 
Is  characteristic  for  Pavlov  Investigations  of  the  reflexes  of  the 
brain,  where  main  attention  was  turned  not  to  the  structural-attribu¬ 
tive  Investigation  of  the  internal  meehanlssi  of  the  brain,  but  to  the 
behavior  of  animals  and  the  Interaction  of  organisms  with  the  environ¬ 
ment. 


Functional  simulation  appeared  later  than  the  substrate- 
attributive  because  it  was  rather  complex  in  a  theoretical-cognitive 
respect  and  It  proposes  a  double  abstraction  -  from  the  substrate  of 
the  object  and  from  its  structure.  Inasmuch  as  In  the  development  or 
one  form  of  models  In  an  abbreviated  form  the  genesis  of  the  entire 
method  of  simulation  on  the  whole  Is  reflected,  then  this  can  be 
observed  In  such  an  example.  In  the  clinic  of  Academic) sn  B.  V. 
Petrovskiy  operations  are  conducted  on  the  transplant  of  an  artificial 
mitral  valve  of  a  heart  In  the  oaae  of  hopeless  defect  of  the  natural 
valve.  In  comparing  the  models  created  In  chronological  order,  it 
la  possible  to  ncte,  that  In  the  beginning  they  copied  In  detail  even 
the  consistency  of  the  tissue  of  the  living  valve,  then  the  similarity 
of  ataterlal  la  lost,  but  the  structural  similarities  are  retained,  and 
finally  the  latest  models  are  similar  to  the  original  only  in 
functions . 1 

In  the  course  of  functional  simulation  the  similarity  of 
phenomena  la  replaced  by  the  similarity  of  substances.  A  model  of 
combat  in  a  computer  is  outwardly  leas  similar  to  the  original  than 


'Nothing  more  similar  can  be  observed  in  the  development  of  a 
weapon:  a  club  with  a  thickening  at  the  ond  directly  copies  a  hand 
with  a  closed  flat;  Later  auch  an  external  similarity  reverts  to 
secondary  significance.  The  main  place  Is  occupied  by  the  reproduc¬ 
tion  of  repeatedly  amplified  functions  of  the  hand  as  a  means  of 
struggle. 
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•  model  of  it  In  a  sandbox,  however,  the  first  makes  it  possible  to 
reveal  the  dynamic  functional  characteristics,  and  the  second  not. 

The  functional  approach  is  connected  with  using  the  concept 
•black  box."  The  concept  "black  box"  was  suggested  by  W.  Ross  Ashby. 
This  is  the  name  given  to  an  investigated  object,  the  interior 
equipment  of  which  in  this  stage  of  investigation  for  some  reasons 
(complexity,  danger,  remoteness.  Inaccessibility,  absence  of  methods 
and  means)  is  not  considered,  it  is  as  if  covered  by  an  opaque  lid 
and  only  the  channels  of  communication  of  the  object  with  the  environ¬ 
ment  are  found  in  view  -  its  entrances  and  exits. 

TWo  trends  are  distinguished  in  the  utilisation  of  the  concept 
•black  box."  The  first  consists  of  the  fact  that  a  set  of  "black 
boxes"  with  an  assigned  behavior  is  used  in  the  capacity  of  prepared 
blockc,  from  which  the  system  is  synthesised.  For  example,  it  is 
necessary  to  design  a  system  of  automatic  control.  To  begin  with 
transistor  components,  capacitors,  and  resistances  cannot  be  done: 
the  trifles  will  suffocate  the  main  concept.  Therefore  for  a  period 
one  must  "forget"  about  the  content  of  the  assemblies  of  the  system 
and  operate  with  them  as  "black  boxes,"  the  Interior  equipment  of 
which  can  be  any,  only  that  with  assigned  signals  at  their  Inputs 
there  were  assigned  signals  at  outputs.  Such  "black  boxes"  in  the 
theory  of  automatic  regulation  are  called  the  standard  links ,  from 
which,  as  from  cubes,  automatic  machines  for  any  purpose  are  made. 

Approximately  likewise  this  method  is  applied  by  electricians 
and  radio  operators.  In  electrical  engineering  it  is  known  as  the 
method  of  a  two-terminal  pair  network  (and  multitermlnal  networks). 
Radio  operators  also  initially  make  up  a  block  diagram  of  devices 
from  "small  squares":  "oscillator,"  "amplifier,"  "detector,"  etc., 
join  them  with  arrows,  characterizing  the  functional  connections  of 
the  scheme,  and  afv.r  that  they  begin  to  think  about  their  contents. 
Under  various  names  and  at  a  different  level  of  theoretical-methodo¬ 
logical  strictness  this  method  is  applied  in  many  areas,  let  us  say 
when  developing  the  organizational-staff  structures  for  headquarters, 
but  cybernetics  for  the  first  time  approached  its  fundamental 
substantiation. 
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The  described  means  of  utilisation  of  the  concept  "a  black  box" 
la  used  in  the  synthesis  of  systems.  However,  this  concept  can  also 
be  useful  in  the  course  of  their  investigation.  The  essence  of  the 
method  is  that,  having  met  an  unknown  object  and  being  convinced  that 
it  is  rather  complex,  we  do  not  rush  to  take  up  a  screw-driver  in  order 
to  dismantle  it  into  separate  little  wheels  and  screws,  but  initially 
we  study  its  behavior  on  the  whole.  Such  a  study  gives  the  investi¬ 
gator  a  set  of  official  recordings t  "when  the  inputs  of  the  system 
are  found  in  states  *2,  ...,  ,  the  outputs  of  the  system  are 

found  in  states  y^,  y2,  ••*»  Xf  there  is  already  experience  in 

the  investigation  of  such  systems,  then  in  the  capacity  of  input 
signals  specially  selected  standard  combinations  are  used.  Such  is 
the  approach  in  the  experimental  taking  of  frequency,  phase  and  other 
characteristics  of  elements  of  systems  of  automatic  regulation. 

However,  in  general  on  the  input  the  practical  pressures  of  the 
environment  can  be  conveyed,  nils  happens  frequently  during 
sociological  and  economic  investigations.  The  further  course  of 
investigation  depends  on  how  strict  the  official  recording  is.  If 
the  states  of  the  inputs  and  outputs  were  evaluated  subjectively, 
then  results  will  bear  a  purely  appralsable  nature.  Unfortunately, 
many  investigations  in  the  area  of  humanitarian  sciences  still 
accomplish  Just  that.  If  states  and  y^  were  evaluated  by  an 
objective  measure  (note,  not  compulsory  quantitative,  the  main  thing 
is  objective),  then  it  is  possible  to  obtain  a  strict  logic-mathemati¬ 
cal  description  of  the  behavior  of  the  system.  Depending  on  the 
nature  of  the  interdependence  between  the  inputs  and  outputs  the 
description  acquires  the  form  of  a  formula  (for  example,  a  differential 
equation),  an  algorithm,  or  it  bears  a  statistical  nature.  To 
describe  a  system  by  differential  equations  is  possible  rather  rarely. 
More  frequently  it  proves  to  be  possible  to  establish  an  algorithm 
for  the  answer  of  the  "black  box"  to  the  input  signal.  In  a  general 
ease  a  statistical  description  of  it  is  obtained,  i.e.,  the  distribu¬ 
tion  of  the  probabilities  of  possible  states  of  outputs  oh  the  system 
for  each  combination  of  signals  at  the  Inputs.  In  this  way  functional 
simulation  makes  it  possible  to  solve  many  particular  assignments  in 
the  absence  of  a  general  theory. 
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In  connection  with  whet  wao  eaid  above  it  la  necessary  to  make 
two  remarks  which  are  important  in  a  methodological  meaning.  The 
firsit  la  that  the  functional  method  has  nothing  in  common  with 
pragmatism.  Pragmatism,  as  la  known,  is  a  subjective-idealistic  flow, 
the  main  principle  of  which  la  that  knowledge  la  recognized  as  true, 
which  In  this  ease  "works*  hotter  on  the  subject.  For  example,  the 
dogmas  of  religion,  if  they  in  this  case  are  useful  to  a  subject, 
they  are  considered  as  its  personal  subjective  truths.  A  functional 
method  is  called  on  to  force  the  investigated  system  "to  operate," 
l.e.,  to  indicate  a  means  to  control  it  until  its  interior  mechanism 
will  be  completely  Investigated.  Let  us  say  It  would  be  very  useful 
if  until  psychologists  investigate  "to  the  end"  the  Interior 
mechanisms  of  the  shaping  of  combat  spirit,  they  learn  to  completely 
reliably  and  effectively  control  this  process*  For  a  counterbalance 
to  pragmatism  the  functional  method  stems  from  the  acknowledgement  of 
the  objectivity  of  truth  and  it  strives  toward  its  expansion,  and 
does  not  construct  arbitrarily  subjective  substitutes  of  truth.  The 
faot  that  this  method  under  specific  conditions  gives  practically 
useful  knowledge  earlier  and  with  less  Investments  than  any  other 
scientific  method  testifies  to  its  scientific  effectiveness. 

The  second  observation  la  that  the  concept  of  "black  box"  has 
nothing  in  common  with  behaviorism.  Behaviorism  (from  the  English 
behavior)  la  one  of  the  trends  of  foreign  psychology,  the  representa¬ 
tives  of  whloh  consider  that  the  interior  mechanism  of  psychics  is 
not  subject  to  investigation  and  the  assignment  of  a  psychological 
investigation  is  the  establishment  of  correlative  bonds  between 
stimuli  and  the  reactions  of  an  organism  to  them.  In  other  words, 
the  behavlorists  consider  that  one  should  not  open  "blick  boxes." 

A  functional  approach  is  contrary  to  behaviorism:  a  logic- 
mathematical  description  of  a  "black  box,"  in  the  essence  of  the 
matter,  is  one  of  the  possible  models  of  its  interior  mechanism. 

A  "box,"  the  mathematical  description  of  which  has  already  been 
received,  ceaaes  to  be  "black,"  and  turns,  according  to  the  accurate 
expression  of  M.  0.  Kaase-Rapoport ,  into  a  "gray  box."  The  described 
method  is  means  of  expansion,  of  X-raying  "black  boxes." 
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Speaking  about  the  effectiveness  of  functloral  simulation,  it 
la  important,  however,  to  note  that  atruoture  and  function  of  a  system 
in  general  do  not  have  a  rigid,  mutually  single-valued  connection. 

This  connection  bears  a  statistical  nature.  The  functional  model 
reproduces  only  one  of  the  structures,  in  which  such  a  functioning  is 
possible.  Raving  established  the  Identity  of  the  functions  of  two 
systems,  the  identity  of  their  structure  still  cannot  be  concluded. 

Only  an  absolute  identity  of  functions  could  testify  to  the  Identity 
of  structures,  however,  praetloe  as  a  rule  does  not  give  proofs  of 
absoluteness. 

therefore  functional  simulation  cannot  and  should  not  be  the 
final  point  of  an  investigation.  Having  revealed  with  its  help  the 
regularities  of  functioning  of  an  object  and  of  its  connection  with 
the  environment,  an  investigator  reveals  only  the  essenoe  of  the 
first  order,  after  whloh  stand  points  of  higher  orders.  Having 
investigated  only  the  structure  of  a  system  and  the  nature  of  its 
elements,  it  is  possible  to  get  to  know  the  laws  of  functioning 
completely.  At  the  same  time  the  transfer  to  a  suMtrate-structural 
investigation  is  necessary  in  order  to  remove  the  abstract  nature  or 
the  functional  approach  and  obtain  concise  conclusions. 

However,  the  statistical  nature  of  the  connection  between 
structure  and  functions  has  not  only  a  negative  value.  It  at  the 
same  time  indicates  that  one  and  the  same  function  can  be  reproduced 
with  the  help  of  a  whole  series  of  nonidentlcal  structures.  This 
enlarges  the  boundaries  of  applicability  of  "unctlonal  models  in 
comparison  with  structural  and  it  involves  the  Important  conclusion 
about  the  existence  of  several  varieties  of  structures  of  a  control 
system,  capable  of  performing  the  same  function  accurately.  Without 
dwelling  on  the  problem  of  simulation  of  psychic  functions  in  a 
computer,  it  must  be  noted  that  this  fact  must  be  considered  In  the 
solution  of  organisational  problems.  It  happens  that  one  or  another 
variety  of  atruoture  of  any  military  organisation  (centralised,  with 
subordination  on  a  vertical  line,  hierarchical,  and  so  on)  is 
assigned  an  independent  value,  while  priority  belongs  not  to  structure. 
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but  to  function.  A  structure  is  sslsotsd  from  a  class  which  allows 
such  functioning*  basically  on  considerations  of  an  organizational- 
technical  order. 

« 

Thus  the  speoifio  nature  of  cybernetic  simulation  is  that  this 
is  simulation  of  eomplex  systems*  it  is  dynamic  and  functional.  These 
features  led  to  the  fact  that  in  recent  years  a  cybernetic  simulation 
is  finding  increasingly  wider  utilisation  in  the  training  of  troops* 
in  the  practice  of  control  of  troops*  and  especially  in  military- 
scientific  investigations. 

In  order  to  perceptively  apply  simulation  as  a  method  of 
military-scientific  investigation*  it  is  necessary  to  explain  its 
thoorotioal-oognitiv*  rote*  i.e.,  to  define  what  plaoe  this  method 
occupies  in  knowledge*  and  what  are  its  functions  and  possibilities. 
Let  us  begin  with  the  question:  is  simulation  a  method  of  logical 
perception  or  an  ompiriaal  method?  On  one  hand  simulation  conies  for¬ 
ward  in  the  capacity  of  a  certain  assistant  in  the  practical  .shook 
of  the  results  of  a  theoretical  i  estigatlon.  For  example,  during 
a  check  of  hypotheses  and  theore„.cal  calculations  about  the  possible 
course  of  a  battle  or  operation  in  a  rocket-nuclear  war  a  model  trial 
(In  the  form’ of  maneuvers*  comand-staff  studies,  or  in  the  form  of 
an  electronic  model  in  a  computer)  is  the  criterion  of  likelihood  and 
suitability  of  these  hypotheses.  In  this  case  simulation  comes 
forwahd  as  a  praotioal-ompirioal  method  of  knowledge.  On  the  other 
hand,  simulation  appears  as  a  method  for  the  theoretical  solution  of 
practical  assignments.  Really,  if  instead  of  the  expenaive  and 
dangerous  tests  of  actual  models  of  a  weapon  and  battle  equipment 
an  investigation  of  mathematical  or  electronic  models  is  conducted* 
then  this  is  an  unconditional  replacement  of  an  empirical  check  by  a 
theoretical  investigation.  In  this  ease  simulation  becomes  a 
.  logioal-thtontioal  method  of  an  investigation.  The  logical-empirical 
duality  of  simulation  is  clearly  manifested  in  the  fact  that  even  in 
the  case  of  purely  mental  simulation  this  method  does  not  lose  the 
criteria  of  empirical  perception,  since  operating  with  a  mental  model 
bears  the  nature  of  an  experiment. 
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The  category  of  general-philosophical  nothode  does  not  Include 
simulation  (although  materialist  dialectics  in  its  constructions 
also  sometimes  resorts  to  a  mental  simulation,  for  example,  a  spiral 
in  the  law  of  negation  of  negation).  At  the  same  time  It  Is  not  a 
highly-specialised  method  of  any  one  (or  even  several)  particular 
sciences,  since  It  is  applied  everywhere.  This  means  that  the 
assignment  is  to  examine  the  interdependence  of  a  simulation  with 
general-logical  and  general-scientific  methods. 

Vor  this  purpose  we  will  follow  the  process  of  simulation.  The 
selection  or  construction  of  a  model  begins  with  observation  of  the 
object  of  simulation  and  a  eompariton  of  It  with  other  objects,  which 
can  serve  as  Its  models.  This  requires  some  degree  of  abttraation 
from  the  practical  features  of  the  object  and  model1,  and  the 


*It  Is  remarkable,  that  N.  Wiener  and  A.  Rosenblueth  consider 
abstracting  in  an  Indissoluble  bond  with  simulation:  "Abstracting 
consists  of  the  replacement  of  a  certain  part  of  the  world  oy  the 
appropriate,  but  simpler  structure,  whloh  is  viewed  as  its  model." 
A.  Rosenblueth  and  N.  Wiener.  The  rolv  of  models  in  sciences 
"Philosophy  of  Science,"  1945,  No.  A,  page  316. 


Simulation,  being  a  specific  method  of  perception,  occupies  an 
Intermediate  place  between  purely  logical  and  empirical  methods  and 
comes  forward  In  the  capacity  of  a  binding  link  between  theory  and 
practice,  between  sensual  and  logical  perception.  Por  these  reasons 
some  authors  call  simulation  a  t ogioal-tmpirioal  (or  empirical-logical} 
method  of  perception. 


The  question  can  arise:  how  is  simulation  correlated  with  other 
methods  of  perception!  It  is  known  that  there  exists,  first  of  all, 
a  universal  method  of  perception  -  materialist  dialectics,  coming 
forward  in  the  capacity  of  a  general-philosophical  base  for  any  other 
methods  of  perception.  In  the  second  place  there  are  ganarat- logi eal 
methods,  suah  as  abstracting,  analysis,  synthesis,  induction, 
deduction,  and  the  method  of  conclusion  by  analogy,  in  accordance 
with  whloh  people  form  any  Judgments,  conclusions,  and  proofs. 
Thirdly,  ganaral-aoisntifio  methods  have  been  developed,  such  as 
observation,  experiment,  and  formalisation.  Finally,  an  enormous 
quantity  of  highly  spec ialiusd  methods  are  known  which  are  applied 
In  particular  concrete  sciences. 
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determination  of  the  necessary  degree  of  Isomorphism  proposes  the 
utilisation  of  tne  method  of  induction.  Then  the  investigation  of 
the  model  begins.  It  has  the  nature  of  observation  and  experiment. 

In  this  ease  for  obtaining  a  quantitative  result  they  resort  to 
fomentation  of  the  eonneetions  and  relationships  of  the  investigated 
quantities,  whereupon  the  model  undergoes  a  logical-mathematical, 
basically  deductive  investigation.  The  process  of  the  transfer  of 
knowledge  from  the  model  to  the  object  bears  the  nature  of  interpret 
tation  of  knowledge  obtained  and  it  proposes  the  utilisation  of  a 
oonolueion  by  analogy  and  the  oonorete  definition  of  the  results  of 
the  investigation. 

As  we  see,  in  the  process  of  simulation  all  the  general-logical 
and  general-scientific  methods  are  used,  which  makes  it  possible  to 
call  simulation  a  eynthetie  gonoral-eoientifio  method  of  perception. 


The  cognitive  functions  of  models  are  very  diverse,  however, 
the  main  criterion  by  which  they  should  be  classified  is  the  informa¬ 
tion  criterion:  which  model  does  more  accurately  what  it  is  possible 
to  do  with  information.  This  is  as  if  a  question  about  the  "cognitive 
efficiency"  of  the  model.  Therefore  it  is  expedient  to  consider  the 
cognitive  functions  of  models  in  the  following  ordor:  a)  the  function 
of  storage  of  information,  b)  the  function  of  coding  the  information 
and  c)  the  function  of  obtaining  new  information.  It  is  obvious  that 
practical  models  in  series  or  sven  simultaneously  execute  all  these 
functions,  however  at  each  given  momer.c  and  in  the  given  relationship 
the  main  thing  is  any  one  of  these  functions.  Such  a  classification, 
in  spite  of  conditionality,  can  be  sufficiently  sequential.1 

• 

1  l  *  t 

Ti.rf  class  of  models,  which  execute  the  function  of  storage  of 
information.  Include  the  models,  in  whlJh  the  modeling  subject  fixes 
the  Information  already  known  to  it,  lr.  order  to  use  It  when  needed 

or  to  transmit  it  to  others  in  a  convenient  form  for  assimilation. 

.  *  • 

i 

‘This  classification  refers  only  to  Information  modils.  »  It 
does  not  embrace  constructive-energetic  rhodels.* 
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Models  In  the  form  of  any  kind  of  Imitators,  calculators,  mechanical 
plotters,  templates,  matrices,  rulers,  nomograms,  charts,  and  so  on 
ean  be  used  In  the  capacity  of  auxiliary  monns  In  the  course  or  a 
military-scientific  investigation  (for  example.  In  the*  prv.ceac  of 
accumulation  of  statistical  material  or  during  the  processing  of 
results).  However,  the  basic  spheres  of  application  of  such  models 
are  the  training  of  the  troops  and  their  combat  activity. 

Fixing  models  are  used  widely  In  the  course  of  practical  centre: 
of  the  troops.  In  headquarters  and  at  command  posts  extensive  u.c  1: 
made  of  maps,  plana,  diagrams,  systematic  tables,  and  also  slide 
and  other  calculating  rulers,  matrices,  patterns,  and  nomograms  for 
determination  of  the  radiation  situation,  calculation  of  the  necessary 
quantity  of  foreea  and  weapons,  etc.  In  recent  years  in  the 
headquarters  they  adopted  digital  and  analog  computers,  tha  circuits 
snd  codes  of  whleh  in  a  number  of  cases  are  also  their  own  kind  of 
fixing  models. 

Models  are  applied  Just  as  extensively  In  the  sphere  of  control 
of  weapons  and  combat  equipment.  They  are  Incorporated  in  various 
models  of  combat  equipment  In  the  capacity  of  calculators  or  plotter.*. 
For  example,  in  aviation  optical  and  radar  bomtoslghts  there  are 
computational  devices,  into  which  the  initial  conditions  and  current 
data  are  fed,  and  which  then,  in  the  course  of  an  aiming,  model  any 
quantity  (velocity,  angle)  according  to  a  known  law  of  its  change. 
Such  a  type  of  model  can  for  a  time  replace  the  object  or  Its 
surrounding  environment.  Ut  us  say  during  tuning  and  checking  of 
radio  equipment  the  radio  operators  make  extensive  use  of  generators 
of  standard  signals  and  Imitators.  The  electronic  models,  fixing 
the  Information  about  the  object  of  control,  are  Included  in  the 
circuits  of  self-tuning  automatic  systems  of  control. 

Models  belonging  to  the  class  of  fixing  find  wide  utilization 
In  the  process  of  training  of  the  troops.  They  imitate  the  otjects 
and  processes  being  studied  and  they  also  serve  as  the  means  of 
Illustration  of  these  or  those  situations  of  a  training  course.  The; 
play  a  part  in  didactic  manuals.  Intended  for  facilitating  the 
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understanding  and  mastering  of  material  being  presented.  They  are 
used  in  instructions  on  ballistics,  aerodynamics,  and  other  military- 
technical  disciplines.  The  fixing  models  utilised  for  training 
include  maneuvers,  tactical  studies  on  site,  games  on  maps,  and 
eommand-staff  studies  (if  they  are  undertaken  not  for  military- 
scientific  hut  namely  for  training  purposes).  Here  one  should  include 
the  multiple  trainers  toed  in  the  training  of  fliers,  navigators, 
radar  operators,  driver-mechanics ,  etc.  fixing  models  oan  also  be 
included  in  the  capacity  of  components  in  the  composition  of  learning 
machines  of  various  types. 


The  following  function  of  models  is  the  function  of  coding  of 
information.  It  is  necessary  to  resort  to  coding  with  the  help  of 
’  models  in  many  cases.  First  of  all  this  is  done  if  approximation 
is  necessary  -  the  simplified,  approximate  expression  of  features, 
connections  and  relationships  of  the  investigated  system.  From  the 
point  of  view  of  the  information  theory  the  operation  of  approximation 
is  a  variety  of  coding  by  consolidation.  Approximation  serves  as 
the  means  for  the  exposure  of  the  most  significant  aspects  of  an 
object,  and  also  as  the  means  of  "adjustment"  of  a  practical  system 
under  an  already  existing  mathematical  or  logioal  apparatus  for  the 
purpose  of  its  further  investigation. 


Another  ease  of  coding  information  with  the  help  of  models  is 
intorpntation.  Tor  example,  with  the  help  of  an  abstraot  theory 
formal  results  are  obtained  which  are  general  for  a  broad  class  of 
phenomena,  let  us  say  for  all  control  systems.  In  this  case  the 
system  of  control,  selected  or  built  in  the  capacity  of  a  model,  is 
Intended  to  give  to  abstraot  results  a  concrete  physical  meaning 
and  to  verify  the  conclusions  of  the  theory.  Thus,  as  the  inter¬ 
preting  model  for  the  cheoklng  of  a  mathematical  investigation  of  a 
battle  of  operation  one  oan  use  any  concrete,  most  typical  battle  or 
operation,  taken  from  the  history  of  military  art. 


Also  connected  with  the  coding  of  information  is  the  utilization 
of  models  in  the  capacity  of  tranalatora,  i.e.,  the  means  of  reformu¬ 
lation  of  theories,  hypotheses,  or  missions  into  terms  of  a  more 
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customary  or  »or«  developed  language.  Here  one  should  include  the 
construction  of  formal-logical  and  mathematical  models  of  real  objects,™., 
with  the  help  of  which  an  assignment  is  translated  into  the  language 
of  mathematics  and  mathematical  logic,  and  also  the  transfer  of 
an  assignment  from  a  less  powerful  to  more  powerful  logical-mathemati¬ 
cal  system,  in  which  it  can  be  resolved.  Such  a  transfer  is  equivalent  -- 
to  the  construction  of  a  logical  model,  to  the  homomorphic  structure 
of  connections  and  relations  which  are  fixed  in  the  assignment. 

Translation  is  also  necessary  for  the  transfer  of  an  assignment 
to  a  more  Intelligible  language  or  for  ensuring  clarity.  For  example. 


mechanical  models  of  electromagnetic  phenomena  proposed  by  Maxwell 
played  mainly  the  role  of  translators  to  the  language  of  mechanics 
which  was  more  customary  at  that  time.  In  this  ease  a  model  can 
become  the  means  of  explanation  of  the  mechanism  of  functioning  of 
an  object ,  which  borders  on  the  acquisition  of  new  knowledge.  In  all 
appearances,  the  problem  of  translation  will  require  speoific  devel¬ 
opment  m  connection  with  the  need  for  the  transfer  of  operational- 
tactical  assignments  into  the  language  of  mathematics  and  of  mathe¬ 
matical  logic  or  the  reverse  transfer  of  the  results  of  logical- 
mathematical  investigation  of  an  assignment  into  the  language  of  the 
theory  of  military  art. 

With  all  the  Importance  of  the  functions  of  storage  and  ooding, 
the  main  cognitive  function  of  simulation  is  the  obtaining  of  new 
information.  As  reported  in  the  press*  the  utlllcalton  of  electronic 
analog  devices  of  the  type  EMU-5*  EMU-8,  and  EMU- 10  in  investigations 
in  the  area  of  aviation  technology  and  radar  makes  it  possible  to 
obtain  Important  new  results. 

Even  if  the  isomorphism  of  the  object  and  model  is  established 
only  hypothetically  or  when  the  experimenter  consciously  goes  beyond 
the  limits  of  the  reliably  established  isomorphism,  simulation  can 
serve  as  the  means  for  the  advancement  of  new  hypotheses,  and  also 
as  the  means  for  the  substitution  of  the  links  of  the  theory  which 
are  still  missing.  If  isomorphism  has  been  estaollshed  reliably, 
then  a  model  makes  it  possible  to  obtain  reliable  information  by  means 
of  a  deductive  conclusion.  In  this  case  the  prediction  of  develop¬ 
ment,  the  foresight  of  the  future  phases  of  the  process,  is  possible, 
for  example,  having  built  an  adequate  model  of  a  'ortheoming  or 
already  begun  air  battle  and  having  repeatedly  shortened  the  scale 
of  time,  it  is  possible  to  forecast  its  outcome  and  on  this  basis 
purposefully  influence  the  process  of  battle  and  take  measures  for 
the  well-timed  and  complete  utilisation  of  its  results.  As  we  see, 
simulation  does  not  give  "second-class"  information,  but  such  which 
makes  it  possible  to  investigate  the  essence  of  an  object,  its 
quantitative  and  qualitative  aspects,  and  to  expose  the  laws 
controlling  it. 


Such,  briefly,  are  the  theoretical -cognitive  functions  of  cyber* 
netic  models. 


e 

The  utilisation  of  simulation  in  military  affairs  has  a  very 
ancient  history.  Models  were  used  since  olden  times  in  the  develop* 
ment  of  new  forms  of  an  armament,  the  development  of  methods  for  their 
utilisation,  in  the  training  of  troops,  in  the  solving  of  organise* 
tional-etafr  and  strategic  problems,  and  also  in  the  course  of  the 
theoretical  and  practical  solution  of  tactical  assignments.  The 
range  trials  of  mock*ups  and  prototypes  of  a  weapon,  the  maneuvers 
of  troops,  sandbox  exercises,  and  command-staff  studies  proved  their 
effectiveness  and  are  now  considered  as  speoifle  military  methods  of 
investigation  and  training. 

However,  all  these  types  of  simulation,  along  with  indisputable 
advantages  possess  a  number  of  deficiencies.  Such  models  of  combat 
actions  as  the  operational  map  of  the  commander,  plans,  diagrams  and 
tables  reproduce  basically  the  statics  of  events  for  specific  days 
and  hours.  The  change  in  situation  is  introduced  into  such  models 
only  by  stages,  which  does  not  give  the  complete  picture  of  devel¬ 
opment  of  combat  actions.  Sometimes  because  of  this  significant 
moments  drop  out  and  some  favorable  possibilities  or  dangerous 
tendencies  remain  hidden.  In  other  words,  with  such  a  method  of 
simulation  the  depth  and  quality  of  the  analysis  of  the  dynamics  of 
battle  depend  completely  on  the  experience  and  abilities  of  the 
commander,  since  the  method  Itself  helps  him  so  little  in  this. 

Maneuvers,  exercises,  and  range  trials,  being  conducted  in 
natural  tlme*spatial  scales,  as  a  rule  are  complex  and  expensive, 
which  now  and  then  pushes  to  conditionalities  and  simplifications, 
and  there  is  no  possibility  to  attract  a  large  quantity  of  troops 
and  combat  equipment.  All  this  does  not  allow  the  repeating  of  the 
experiment  under  conditions  close  to  combat,  and  sometimes  one  is 
forced  to  make  responsible  decisions  about  rearmament,  change  ir.  the 
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organizational  structure  of  the  troops ,  or  a  reexamination  of  oper¬ 
ational-tactical  views  without  a  sufficiently  reliable  scientific 
basis. 

«. 

(tete  additional  def.  lency  of  traditional  simulation  consists  of 
its  inadequate  methodological  strictness.  Inasmuch  as  the  degree  of 
Isomorphism  of  a  model  and  object  is  evaluated  only  intuitively,  and 
the  methods  of  transfer  of  information  from  the  model  to  full-scale 
have  not  been  discussed  in  particular,  then  sometimes  it  is  difficult 
to  be  freed  from  subjective  values.  For  example,  such  a  problem  can 
appear  during  the  carrying  out  of  command-staff  studies  or  of  map 
exercises. 

The  {tew  stage  of  development  and  utilization  of  simulation  in 
military  affairs  first  of  all  is  connected  with  the  wide  impleraenta- 
'  tlon  of  mathematical  and  electronic  models.  A  mathematics  and  the 
computer  .made  it  possible  to  create  functional  models  of  complex 
dynamic  systems  in  military-technical,  operational-tactical,  and 
strategic  areas.  However,  it  would  be  a  crude  simplification  to 
represent  the  matter  as  if  electronic  models  simply  replaced  the 
traditional  models,  and  the  exercises  of  troops  »id  map  exercises 
.  became  obsolete.  On  the  contrary,  the  essence  ox*  the  new  stage  of 
.  development  of  simulation  lies  in  the  Tact  that  a  strictly  scientific 
•approach  to  the  traditional  forms  of  simulation  is  created  - 
methodological  bases,  quantitative  criteria,  and  a  mathematical 
apparatus  have  been  developed  which  makes  it  possible  to  avoid  sub¬ 
jectivism  and  superficial  judgments  end  to  organize  the  exercises 
for. troops,  command-staff  studies,  and  games  as  a  strict  scientific 
experiment . 

.  First  of  all  the  new  methods  of  simulation  received  propagation 
in  the  process  of  developing,  testing,  and  investigating  the  combat 
effectiveness  of  armament.  In  order  to  assign  to  industry  the 
tactical-technical  requirements  for  a  new  technology  or  weapon,  often 
it  turns  cut  to  be  necessary  to  build  a  model  of  the  proposed,  but 
still  not  existing  conditions  under  which  it  will  be  applied.  In 
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essence  this  was  always  done,  but  earlier  these  models  frequently 
remained  intuitive  mental  construct  ions.  Now  for  this  goal  powerful 
electronic  computers  are  used.  In  England,  for  example,  for  invostl- 
gations  in  the  area  of  guided  missiles,  aviation  and  antiaircraft 
defense  the  largest  analog  computer  "Tridac"  is  used. 

Plant,  state  and  army  trials  of  full-scale  mock-ups,  pilot  models, 
and  pilot  series  also  are  a  variety  of  model  investigation,  success 
and  authenticity  of  conclusions  of  which  in  many  respects  depend  on 
its  methodological  strictness.  Zn  this  case  full-scale  trials  are 
often  very  expensive,  dangerous,  and  can  lead  to  the  divulging  of  a 
secret;  the  launching  of  a  rocket  or  a  powerful  explosion  is  now 
difficult  to  hide.  Therefore  now  they  strive  to  conduct  as  large  a 
share  of  tests  as  possible  on  electronic  models.  As  was  reported  in 
the  press,  the  utilization  of  a  computer  of  the  type  "Typhoon,"  the 
cost  of  which  comprises  1.5  million  dollars,  allowed  the  American 
rocket  builders  in  one  rf  their  investigations  to  economize  250 
million  dollars. 

An  important  role  is  played  by  simulation  in  the  development  of 
systems  "man-combat  technology."  For  the  quantitative  investigation 
of  such  systems  a  mathematical  model  of  man  is  constructed,  with  the 
help  of  which  the  best  conditions  of  his  conformity  with  a  machine 
are  cleared  up.  Of  specific  interest  in  this  case  are  emergency 
situations,  when  mainly  man  is  Included  in  the  work,  for  example, 
during  the  failure  of  the  apparatus  for  automatic  orientation  of  a 
spaceship.  Zn  aviation  they  frequently  use  mannequins.  Thus, 
according  to  American  journalists,  for  the  testing  of  the  American 
X-15  rocket  aircraft  a  human-shaped  robot  was  made  which  in  a  series 
of  dangerous  tests  took  the  place  of  the  pilot. 

For  the  optimum  agreement  of  the  system  "man-combat  technology" 

It  is  also  possible  to  use  models  which  imitate  the  separate  functions 
of  behavior  of  man.  Zn  this  case  models  can  be  built  into  the  system 
constantly.  For  example,  completely  conceivable  is  the  creation  of 
specific  automatic  units  which  are  turned  on  by  the  bioelectric 
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currents  of  man.  These  are  taken  from  specific  muscles  or  even 
directly  from  encephaloscopic  sensors  attached  to  the  head.  Zn 
essence,  such  automatic  units  will  be  models  of  the  extremities  of  an 
operator*  in  some  things  excelling  the  original  (mainly,  in  the 
quickness  of  reactions  and  the  nature  of  the  transitional  process). 

A  more  comprehensive  examination  of  the  possibilities  of  simulation 
of  human  psychics  is  given  in  the  following  paragraph  of  this  chapter. 

Designing,  testing,  and  the  operation  of  combat  technology  is  a 
unique  sphere  of  utilisation  of  models  in  military  affairs.  No  less 
an  important  role  belongs  to  simulation  in  the  solving  of  strategic 
problems. 

One  of  the  decisive  components  of  the  military  power  of  a  country 
is  its  strategic  potential.  This  potential  is  determined  not  only  by 
the  gross  volume  of  production,  but  also  by  such  factors  as  the 
capacity  of  Industry  to  change  over  rapidly  to  military  harmony,  and 
also  the  capacity  without  a  noticeable  lowering  of  production  to 
inflict  a  nuolear  rocket  strike  and  sir  strikes  on  an  opponent.  With 
an  equal  volume  of  production  these  indices  will  be  higher,  where  the 
enterprises  are  better  distributed  over  the  territory  of  the  country, 
if  they  have  back-up  enterprises,  and  along  with  specialisation  and 
cooperation  the  necessary  independence  of  enterprises  is  ensured. 

The  solution  to  a  problem  of  such  a  kind.  Just  as  the  composition  of 
mobilization  plans  and  the  distribution  of  human  resources,  can  be  an 
important  sphere  of  effective  utilization  of  logical-mathematical 
and  electronic  models. 

The  greatest  military  Interest  lies  in  the  full-scale,  play, 
mathematical,  and  electronic  models  of  combat  actions.  They  find 
utilisation  in  investigations,  training,  and  the  practice  of  control 
of  troops  in  combat.  Today  military-historical  investigations  often 
are  merged  in  their  procedure  with  simulation.  Zn  investigating  one 
or  another  type  of  combat  or  operation,  the  scientist  selects  from  a 
multitude  of  battles  the  most  characteristic  one,  avoids  what  is 
accidental  and  unessential,  and  considers  the  selo  Sed  battle  as 
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a  full-scale  model  depicting  the  general  features  which  are  charac¬ 
teristic  for  the  entire  given  type  of  combat  or  operation  in  general. 

For  game  modela  it  is  characteristic  that  they  reflect  the  active 
opposition  of  an  opponent.  Whether  these  models  be  sign  or  electronic, 
they  always  reflect  the  actions  of  two  controlling  organs. 

Electronic  analog  computers  substantially  extend  the  capabilities 
of  a  commander  in  the  directing  of  combat.  By  means  of  the  repeated 
checking  of  many  variants  of  actions  on  a  computer  a  commander  can 
select  the  solution  which  la  maximally  close  to  optimum.  By  intro¬ 
ducing  incoming  information  in  the  process  of  battle  and  "playing  out" 
each  time  the  new  terminations  of  battle  while  allowing  for  the  new 
information,  a  commander  can  constantly  introduce  the  most  expedient 
corrections  into  the  initial  solution.  Zr  •■he  press  it  was  reported 
that  in  the  USA  a  special  electronic  device  has  been  developed  for 
the  simulation  of  the  work  of  the  automated  air  defense  system  "Sage." 
This  device  is  intended  for  the  selection  of  the  optimum  variants  of 
the  actions  of  the  system  in  the  most  complex  cases,  when  simultan¬ 
eously  ISO  targets  are  tracked  and  the  mission  of  intercepting  75  of 
them  is  solved.  According  to  the  data  of  the  foreign  press,  this 
device  made  it  possible  under  conditions  close  to  actual  to  develop 
optimum  variants  for  the  utilization  of  fighter  aviation,  rockets  and 
the  "Bomarc"  interceptor  missile. 

The  specific  nature  of  the  contemporary  atage  of  development  of 
military  affairs  consists  of  the  rapid  and  radical  breaking  up  of 
established  methods  and  means  of  armed  struggle.  This  attaches  even 
greater  importance  to  model  Investigations  In  all  their  forms.  As 
is  known,  the  final  criterion  of  truth  Is  practice.  However,  the 
practice  of  military  affairs  In  peacetime  Is  limited.  Therefore  to 
obtain  a  representation  about  scales,  dynamics,  and  aftereffects  of 
contemporary  war  under  these  conditions  is  possible  only  by  means  of 
a  scientific  investigation,  moreover  the  role  of  a  "qua si -practical* 
check,  which  determines  the  suitability  or  unsuitability  of  any 
operational-tactical  views,  methods,  combat  technology,  and  weapons. 
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rests  upon  simulstlon.  One  of  the  models  of  suoh  a  type  was  the 
excercise  "Dnieper"  which  was  conducted  in  1967. 
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Let  us  sun  up  some  of  the  points  made  in  this  section. 


§ 
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The  development  of  cybernetics  led  to  the  wide  Introduction  in 
all  branches  of  military  affairs  of  constructive-energetic  and  infor- 
matibn  models.  Electronic  computers  and  new  methods  of  mathematical 
simulation  allowed  the  creating  of  functional  dynamic  models  of 
complex  systems*  Including  systems  for  the  control  of  troops. 

.Simulation  acquired  specific  value  in  military  science.  Here 
it  comes  forward  as  suoh  a  research  method*  when  instead  of  directly 
investigating  an  object  of  knowledge  as  such*  the  perceptive  subject 
selects  or  creates  an  auxiliary  object-substitute*  investigates  it* 
and  transfers  the  information  obtained  to  the  object-original. 

Simulation  should  not  and  cannot  replace  all  the  other  methods 
of  military-scientific  investigation.  It  displays  its  capabilities 
best  of  all  when  it  is  used  in  conjunction  with  other  cognitive 
.  methods. 

li  is  important  to  ncte  that  there  are  no  phenomena  of  armed 
.  struggle*  for  the  perception  of  which  the  method  of  simulation  would 
be  inapplicable.  Every  concrete  model  gives  only  a  limited  picture 
of  a  phenomenon*  however*  many  models  can  reveal  any  aspect  of  a 
phenomenon  and  any  of  their  totality.  In  this  is  manifested  the 
general  dialectics  of  the  process  of  perception  -  the  limitedness  of 
each  given  step  and  its  infinity  on  the  whole. 


I 
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2.  The  Problem  of  Simulation  of  ' 
riuman  Psychics 

t 

The  problem  of  the  simulation  of  human  psychics  is  more  faiAlliar 
to  the  reader  In  the  form  of  the  question,  "Can 'a  machine  think9"1 

I  ! 

However,  such  a  formulation  of  a  ‘problem  does  not  embrace  its  entire 
content  and  It  pushes  for  monosyllabic  answers  -  "yes"  or  "no. "  But 
indued  this  problem  least  of  all  resembles  a  switch  with  two  distinct 
positions,  and  the  volume  and  content  of 'the  oonoepts  "machine",  and 
"thought"  have  not  been  determined  clearly  at  all}  they  are  historic 
and  are  connected  with  the  specific  stages  of  development  of  science. 
Therefore,  besides  the  solution  of  the  problem  about  the  possibility 

•  i 

of  development  of  an  absolute  analog  of  a  thinking  brain,  the  , 

investigation  of  this  problem  proposes,  in  the  first  place,  the  , 

determination  of  paths  and  prospects  oft  simulation  of  separate 

structures  and  functions  of  the  brain,  thenenvous1  system,  and  the 

sense  organs;  in  the  second  place,,  the  .clarification  not  only  of* 

technical  possibilities,  but  alsd  of  ^oelal,  economic,  military,  and 

scientific  needs  for  the  development  of  such  models;  thirdly,  it 

•  * 

assumes  the  investigation  of  the  problem  -  in  proportion  to.  the 

perfection  of  such  models  will  there  be  a  change  in  the  methods  . 

of  matching  man  and  technology  ip  various  automated  systems  and  on 

different  levels  of  psychophysiologlcal  and  Intellectual  loads;  an«r 

I 

it  also  Includes  the  question, ahow  will  the  concept  "machine,"  . 
"thought,"  "consciousness,"  and  "psychics'^  be  developed. 

•  i 

.  •  ' 

In  other  words,  this  problem  is  no>t  reduced  to  merely  semi- 

*  • 

imaginative  reasonings  about  the  .distant  future,  let  us  say  about 

•  *  *  * 

the  possibility  or  impossibility  of  creation  of  an  "electric  super  ' 
military  leaders,"  able  to  take  on  the  entire  leadership  of  war, (  and 
also  of  fully  automated,  or,  as  it  if  said  in  the  Vest,-  "uninhabited" 
combat  machines.  This  investigation  is'  called  upon  first  of  all  to 


'See  N.  Weiner.  The  machine  is  cleverpr  than  creator,  acocmllx 
to  the  book  "Cybernetics  A.  Turing.  Cap  a  machine  think?  , 

Pixmatgis,  I960;  W.  Ross  Ashby.  WhAt  is  an  intelligent  machine? 
Collection  "Possible  and  impossible  in  cybernetics."  Publishing 
House  AN  USSR,  1963 .  , 
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define  that  technical  politics  In  the  area  of  (perfection  of  practical- 
t /stems  "man  -  combat  tephnology"  and  automatised  qystems  tor  the 
control  of  troops:  in  which  direction  is  the  (development  of  brain- 
1  like  systems  going,  what  okn  be  expected  from  them  In  the  nearest  ; 

t  • 

and  the  more  distant  future,  how  stemming  frpm  thjs  to  distribute 
duties  between  man  and  an  aut.omatlc  device  in  the  systems  of >  control 
of  an  aircraft,  a  ship,  a  rocket,' or  an  air  defense  system?  , 

i  1  '  i  i  r 

1  '  The  problem  of  the  relationship  of  a' cybernetic  machine  and  the 

human  brain  if  of  serious’ sociological,  ideological,'  and  methodological 
interest.  ,  .  1  1  1  ,  1  ,  , 

i  •  •  1 

.  r  *  *  ‘ 

The  tooial  value  of  this  problem  lies  in  the  -fact  that  the ,  > 

future  of  development 'of  automation  depends  on  its  solution.  .Auto¬ 
mation  influences  the  social  at.d  eoonomic  life  of  society.  Actually, 
as  reported  by  the  British(  department  of  scientific-industrial 
Investigations,  after  twenty  years  as  a  result  of  automation  no  less 
than  601  of  all  the  workers  of  capitalist  countries  wil/.  lose  their 
Jobs.  If 'the  possibility  of  the  development  of  thinking  machine  is 
practical,  then  afooordlng  to  N.  Wiener' this  "will  cause  unemployment, 
in  comparison  with  which  the  contemporary  drop  in  productions  and 
even  the  crisis  of  the  30 's  will  seem  like  a  pleasant  Joke.”1  He 
considers (that  under  capitalism  this  will  load  to  the  depreciation 
of  human  labor  ahd  the  Intensification  of  exploitation:  a  thinking 
suiehine  "is  the  exact  equivalent  of  slave  labor.  Any  labor'  which 
competes  with  slave  labor  should  aeqept  the  economic  conditions  of 
slave  labor."*  »  ,• 

1  .  .  •  »  •  ,  , 

i  .  i 

•  The,  social  aftereffects  of  this  would  be  such  that  many  bourgeois 
sociologists  prefbr  not  even  to  apeak  about,  them.  The  English  , 
'mathematician  .  A. -Turing  called  such  a  position, an  ^ostrich.”  Ita< 

1  supporters  consider  that  ms chines  wl}l  not,  think,  because  "the 
aftereffects  of  machine  thinking- wo,uld  be  too  terrible.”*  , 


»  f 

lN.  Wiener.  Cybernetics  and  society,  page  166. 

*Xdeml  t  ,  '  »  » 

*  hi  Tur'ng.  can  a  machine  think?,  page  34. 

I  • 
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For  a  socialist  society  the  development  and  utilisation  of 
thinking  machines,  if  it  is  possible,  does  not  present  the  threat 
of  economic  or  moral  shocks,  since  all  the  processes  here  are  not 
subjected  to  the  elements,  they  are  planned  and  controlled  on  a 
scientific  basis.  But  this  does  not  lower,  but  strengthens  our 
interest  in  the  problem:  in  order  to  control  it  is  necessary  to 
know  tendencies  and  outlooks,  including  those  rather  distant. 

Th e  philoaophic-idaologioal  value  of  this  problem  consists  of 
the  fact  that  it  is  closely  bound  with  the  basic  question  or  philosophy.— | 
It  is  known  that  the  basic  question  of  any  philosophy  the  classics 
of  Marxism  name  as  a  question  about  the  relationship  of  matter  and 
consciousness.  Its  solution  divides  all  philosophers  into  materialists^ 
and  idealists. 

The  knowledge  that  material  is  primary  and  consciousness  second 
is  the  fundamental  knowledge  of  the  history  of  human  thought.  Long 
before  the  appearance  of  cybernetics  science  had  convincing  proofs 
of  the  correctness  of  the  materialistic  solution  to  the  basic  questica—; 
of  phllosoply.  However,  then  man  in  his  practical  activity  still  had  _ 
not  created  anything  that  even  remotely  reminded  one  of  a  thinking 
brain.  The  criterion  of  truth,  as  is  known,  is  practice.  The 
possibility  or  the  practical  simulation  of  psychic  processes  in  such 
a  material  system  as  an  electronic  computer  is  a  valuable  direct 
proof  of  the  validity  of  materialism. 

The  basic  question  of  philosophy  has  a  second  side:  Is  human 
consciousness  able  to  correctly  reflect  the  surrounding  world,  to 
perceive  it?  Zn  this  plan  the  question  of  the  development  of  the 
machines,  which  are  similar  in  structure  and  function  to  the  human 
brain  -  this  is  a  question  about  the  possibility  of  perception  by 
humanity  of  the  mysteries  of  the  most  complex  material  organisation  - 
the  human  brain.  The  problem  of  the  simulation  of  a  thinking  brain 
and  the  related  problems  of  self-programming,  self-organi ration,  and 
self-reproduction  of  machines  are  receiving  an  Important  Ideological 
sounding.  They  are  important  also  as  the  source  of  new  concepts 
for  the  further  development  of  materialist  philosophy,  and  as  weighty 


scientific  arguments  In  the  Ideological  struggle  with  Idealism  and 
religion. 1 

It  la  trutht  a  basic  assumption  exists,  that  the  Joint  action 
of  a  series  of  laws  of  nature,  society  and  thought  can  make  Impossible 
the  complete  simulation  of  a  thinking  brain.  This  must  be  considered. 
However,  one  cannot  recognise  as  correct  the  point  of  view  that  the 
problem  of  the  possibility  of  the  reproduction  of  thought  In  connection 
with  this  should  not  be  discussed.  In  our  view,  rejection  of  discus* 

would  mean  withdrawal  from  a  sharp  and  Important  Ideological 
;  t*'*  iem,  which  would  lead  to  passive  defensive  tactics  in  the 
Ideological  struggle,  to  a  late  "reacting"  to  the  falling  out  of 
■reactionary  bourgeois  philosophy  Instead  of  the  well-timed  dialectic- 
materialistic  development  nf  new  problems. 

The  methodological  value  of  simulation  of  human  psychics  Is  that 
it  plays  an  Important  role  In  determining  the  fundamental  possibilities 
of  perfection  of  cybernetic  devices. 

In  the  course  of  planning  of  scientific  investigations  contradic¬ 
tion  appears,  for  the  resolution  of  which  prior  to  the  beginning 
of  work  It  Is  necessary  to  guess  Its  result  at  least  approximately. 

-  Tt  la  obvious  that  science  cannot  be  planned  as  timber  cutting.  The 
more  unexpected  the  result,  the  mere  valuable  It  Is.  However,  a 
single-minded  experiment  Is  more  effective  than  a  random  search. 
Therefore  during  planning  it  Is  necessary  to  know  what  can  and  what 
cannot,  because  of  the  fundamental  laws  of  nature,  be  expected  from 
a  given  science.  But  such  laws,  which  reliably  determine  the 
possibilities  of  a  science,  are  established  when  It  attains  maturity. 
But  the  planning  of  a  search  Is  urgent  namely  for  the  young  branches 
of  science.  Therefore  scientists  have  no  other  outlet,  besides 

Concerning  the  atheistic  value  of  cybernetics  see  Yu.  Ant.cmor.uv 
and  V.  Xazakovtsev.  Cybernetics  -  3nti-religion,  1964;  S.  Shalyutin. 
Cybernetics  and  religion,  1964. 
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predicting  the  result  on  the  strength  of  its  ideology. 1  In  . 
esse  the  role  of  the  ideological  position  of  the  scientist  in  the 
selection  of  the  direction  of  investigations  proves  to  be  decisive. 


Actually*  for  a  supporter  of  religious  or  objective- idealistic 
views  the  very  posing  of  the  question  of  the  possibility  of  simulation 
of  intellect  is  blasphemous.  On  the  contrary,  for  those  who 
consciously  or  spontaneously  stood  on  positions  of  materialism,  the 
posing  of  the  question  about  the  possibility  of  development  of  a 
thinking  machine  was  completely  natural.  As  is  known,  N.  Wiener, 

J.  Neumann,  A.  Turing  and  W.  Ross  Ashby  stood  on  materialist 

positions  on  this  question.  Therefore  they  cam?  orward  as  initiators  — 

of  the  discussion  about  thinking  machines  In  wor.-  science.* 

I 

In  this  way,  the  heuristic  value  of  a  materialist  approach  is 
that  it  forces  one  to  think  about  a  problem,  the  posing  of  which  is 
disputed  by  religious-idealist  philosophy.  However  this  does  not  at 
all  mean  that,  having  posed  a  question,  dialectical  materialism 
immediately  predetermined  an  answer  to  it.  Opinion,  being  our 
philosophy  inasmuch  as  it  is  Marxist,  is  bound  to  give  the  immediate 


‘In  a  specific  meaning  the  problem  of  simulation  of  intellect 
is  philosophical  Inasmuch  as  it  still  is  not  solved  In  a  natural- 
science  plan.  L.  B.  Bazhenov  writes:  "If  we  already  had  the  devices 
which  reproduce  in  a  rather  complete  volume  the  functions  of  thought, 
or,  conversely,  if  it  is  strictly  scientifically  proven,  that  such 
devices  are  impossible,  then  there  would  be  no  philosophical  problem 
in  general.  But  namely  because  this  question  is  still  not  solved 
and  one  cannot  speak  with  a  hundred  percent  assurance  that  It  will 
be  solved  subsequently,  discussion  on  the  methodological,  philo¬ 
sophical  plan  for  the  outlook  of  its  solution  becomes  especially 
urgent"  (The  Philosophy  of  Natural  Science.  First  edition.  Polltlxdat 
1966,  page  361-326). 


*IU«  views  of  Wiener  on  the  relationship  of  material  and  con¬ 
sciousness  are  rather  clearly  delineated  in  the  following  statement: 
"Cybernetics  assumes,  that  the  structure  of  a  machine  >r  of  an 
organism  is  an  index  of  their  ability  to  complete  an  assignment. 

The  fact  that  the  mechanical  rigidity  of  an  insect  limits  its 
intellect,  while  the  mechanical  flexibility  of  a  human  *n'!?y  ensures 
Its  almost  infinite  Intel  t,»  ••  nil  development,  agree  well  tvom  *  he 
point  of  vie-*  of  *he  author  of  the  •'iven  bi*ok"  (Cybarne* Jcu  and 
society,  pige  b?-btt). 


*2 


final  solutions  to  any  problems  erroneously.  Marxist  philosophy 
never  attempted  to  assume  the  role  of  a  master  key,  capable  of 
instantly  opening  any  scientific  mysteries,  for  the  penetration  of 
which  the  "usual"  sciences  would  spend  years.  And  this  l.t  not  Its 
assignment  at  all.  It  should  serve  as  the  methodology  of  concrete 
sciences,  shape  the  Ideology  of  the  scientist  and  thus  to  determine 
the  most  general  basic  positions  of  an  Investigation,  prompt  the 
effective  methods  of  perception,  and,  finally,  give  an  ideological 
and  social  value  to  the  results  of  Investigation.  But  it  cannot  and 
should  not  foretell  or  postulate  the  answers,  which  can  be  obtained 
only  as  a  result  of  concrete  investigations. 

ass 

To  avoid  ambiguity  It  Is  necessury  to  clearly  demarcate,  on  the 
one  hand,  the  present-day  practical  possibilities  of  the  perfection 
of  machines  and,  on  the  other,  fundamental,  maximally  attainable 
possibilities.  The  practical  possibilities  of  the  perfection  of 
cybernetic  devices  are  determined  by  the  currently  achieved  level 
of  development  of  the  theory  of  programming  and  the  technology  of 
electronic  machine  construction.  These  possibilities  are  concrete, 
specific  for  each  given  stage  of  the  development  of  cybernetics,  but 
they  are  constantly  expanded  during  the  transition  from  stage  to 
stage.  In  a  practical  counterbalance  the  fundamental  possibilities 
do  not  depend  on  transient  factors.  They  are  determined  by  the 
general  laws  of  nature,  society,  and  thought.  There  are  also  such 
limiting  possibilities,  to  go  beyonu  the  boundaries  of  which  without 
a  supernatural  "miracle”  is  impossible  just  as  it  Is  Impossible,  for 
example,  to  build  an  eternal  engine. 

Practical  possibilities  Indicate  what  is  accessible  today,  and 
fundamental  -  what  Is  accessible  during  the  unlimited  development 
of  science  and  technology.  Today,  for  example.  It  is  still  not 
possible  to  guarantee  the  necessary  weight,  overall  dimensions,  and 
reliability  of  apparatus  for  the  simulation  of  a  brain,  many 
processes  which  take  place  In  the  brain  have  not  been  Investigated, 
and,  consequently,  what  actually  should  be  simulated  is  not  known. 
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But  neurophysiology,  psychology.  And  raulo-electronics  are  going 
forward,  and  present-day  limitations  will  be  forgotten  tomorrow. 

Zn  solving  the  question  about  fundamental  potentialities  one 
cannot  advance  in  the  capacity  of  a  Halting  factor  any  present-day 
difficulty.  However  such  a  kind  of  error  is  not  a  rarity.  For 
example.  Professor  Yu.  P.  Prolov  in  I960  wrote  the  problem  of 
modeling  of  a  brain  is  unsolvable  because  it  is  hardly  possible  to 
decrease  the  overall  sites-  of  electonic  device  so  in  order  that  they 
became  suitable  for  the  construction  of  brain  systems.1  Zn  this 
case  the  author  originated  from  the  overall  sites  of  radio  tubes  and 
parts  at  the  end  of  the  50*a.  The  development  of  micromodules  and 
film  and  printed  circuits  led  to  a  decrease  in  the  overall  sites 
by  two  or  three  orders,  and  ahead  -  new  promises.  Por  example, 

Z.  A.  Poletayev  writes  about  this,  "what  elements  will  arrive  to 
replace  contemporary  radio  tubes,  transistors,  magnetic  end  dielectric 
cells,  conductors,  and  contacts?  One  can  only  dream  and  imagine 
about  this." 

"They  may  be  waveguide  devices,  which  operate  with  waves  with 
a  length  of  centimeters,  millimeters,  fractions  of  a  millimeter,  or 
with  light  waves.  Perhaps  there  will  be  living  cells,  which 
cybernetic-biologists  are  beginning  to  rear  in  a  nutrient  medium  in 
an  assigned  scheme  with  specialised  functions.  Perhaps  this  will  be 
quantum-degenerated  complex  crystals,  frozen  in  a  cryostat  almost 
to  absolute  sero,  with  a  noncyollc  structure  (complex  and  the  most 
complex  molecules),  able  to  endure  isomeric  transitions  in  accordance 
with  arriving  signals.  Perhaps  this  will  be  something  yet  for  which 
we  do  not  know  a  name  ... 

Some  authors.  Including  B.  3.  Ukraintsev,  expressed  the  opinion 
•  that  tho  modeling  of  a  thinking  brain  would  be  impossible  due  to  the 
low  reliability  of  "capacitors,  resistances.  Inductances,  electrical 


‘See  Yu.  P.  Prolov.  The  brain  and  labor.  Medglz,  I960,  page  179. 
*1.  A.  Poletayev.  Signal,  page  382-383. 


circuits,  contacts  (soldered  or  welded),  etc.,  etc."1  However,  the 
theory  of  a  reliability  by  strict  mathematical  methods  proved  that 
in  principle  from  unreliable  elements  it  is  possible  to  create  a 
system  with  any  prescribed  reliability.*  Moreover  it  is  important 
to  take  into  account  that  the  brain  of  man  is  a  reliable  arrangement 
made  up  of  unreliable  elements.  During  the  course  of  life  a  renewal 
of  "sickened"  neurons  does  not  take  place,  but  the  reliability  of  the 
brain  is  ensured  because  of  the  redundancy  of  organisation  -  duplicating; 
a  reserve  and  "alternate  paths,"  whieh  after  a  certain  time  after 
illness  are  put  into  order  as  a  rosult  of  adaptation  and  training.' 

It  is  very  probable  that  the  reliability  of  a  model  in  proportion 
to  its  substrate  and  structural  perfection  will  autoamtically  approach 
the  reliability  of  the  original. 

Some  authors  point  out  that  a  brain  consists  of  1.5*1010  complex 
nerve  cells,  which  for  the  modeling  of  each  tens  (or  even  hundreds) 
of  transistors  are  necessary.  Based  on  their  calculations  even  by 
"disarming"  the  whole  radio  electronic  Industry  of  the  world,  the 
necessary  quantity  of  semiconductor  devices  could  not  be  collected 
today.  But  this  also  is  not  a  fundamental,  but  only  a  temporary 
limitation.  Just  as  the  previous  one  connected  with  the  present-day 
level  of  a  electronic  machine  construction. 

What  was  said  in  the  previous  paragraphs  refers  to  substrate- 
structural  designing  of  brain-like  models  -  to  the  selection  of  circuit 
elements,  their  reliability,  nature  and  type  of  bonds  between  them, 
etc.  As  a  rule,  the  misunderstandings  which  appear  because  of  the 
mixing  of  fundamental  and  practical  possibilities  in  this  area  solve 
themselves  relatively  simply.  More  complex  is  the  situation  when  it 


'B.  S.  Ukraintsev.  About  the  possibility  of  cybernetics  in  the 
light  of  the  features  of  depicting  matter.  Collection  "The  philo¬ 
sophical  questions  of  cybernetics,"  page  128. 

'See  E.  Kur,  C.  Shannon.  Reliable  systems  from  unreliable  relays. 
"Cybernetic  collection,"  I960,  No.  1. 

*E.  A.  Asratyan,  P.  V.  Simonov.  Reliability  of  the  brain. 
Publishing  House  AN  USSR,  1963. 
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concerns  the  modeling  of  the  functions  of  the  brain  -  the  psychlo 
mechanisms  of  human  acts,  their  algorithmic  description  and  programming  pass 
the  behavior  of  the  machine-model.  In  a  number  of  foreign  and  Russian 
workr  concrete,  frequently  rather  narrow  functions  are  pointed  out 
which  allegedly  are  inaccessible  in  principle  to  a  machine.  For 
example,  in  the  book  by  P.  Xossa  "Cybernetics"  a  whole  list  is  given 
of  things  "that  a  machine  cannot  reproduce."1  The  author  writes 
that  a  machine  cannot  go  ou»  beyond  the  limits  of  predestination, 
it  cannot  be  taught,  tt  cannot  execute  a  critical  function,  to  pas3 
over  from  concrete  to  abstract,  to  devise,  etc.  On  some  of  these 
questions  it  follows  that  it  is  obvious  to  think  seriously.  But  not  1 

ten  years  has  passed  from  the  day  of  the  writing  of  the  book,  but 
this  list  has  very  significantly ."thinned."  And  again  for  the  same  t 

reason:  the  place  of  fundamental  limitations  in  it  was  unequally  w- 

occupled  by  temporary  present-day  difficulties.  Investigations  in  T 

the  area  of  logic,  psychology,  neurophysiology,  and  heuristic 
programming  convince  us  that  in  the  future  new,  unknown  to  us,  j 

principles  of  developing  and  programming  of  machines  will  lnevitabllty  *, 
arise,  which  will  introduce  radical  changes  into  the  representation 
about  their  possibilities. 


In  discussing  the  problem  about  the  possibilities  of  cybernetic 
machines,  one  ought  to  remember  the  situation  of  dialectical 
materialism,  that  possibility,  before  it  turns  into  reality,  passes 
through  various  stages.  Initially  it  appears  as  an  abstract  possi¬ 
bility  and  even  for  its  realisation  the  necessary  conditions  are 
still  not  present.  Sometimes  it  remains  an  imaginary,  apparent 
possibility,  behind  which  the  fundamental  impossibility  hides  itself. 
Most  frequently  this  takes  place  because  the  Joint  reason  causing 
the  analy sable  phenomenon  is  Insufficiently  known,  and  only  some 
specific  reasons  are  known.  In  that  case  the  transition  from  an 
abstract  analysis  to  concrete  denies  this  possibility.  For  example, 
in  the  theory  of  algorithms,  in  order  to  not  be  limited  by  its 


*P.  Kossa.  Cybernetics.  Pub.  House  for  foreign  literature, 
1956,  page  111. 


?  I 


H 


*6 


present-day  level  of  the  development  of  technology,  sometimes  they 
digress  from  practical  possibilities  and  resort  to  the  abstraction 
of  potential  feasablllty . 1 

Some  authors.  In  proving  the  possibility  of  development  of 
thinking  machines,  satisfy  themselves  by  a  reference  to  any  one 
Isolated  aspect  of  the  matter,  for  example,  to  the  constructional 
practicability  of  a  brain-like  structure,  to  the  potential  possibility 
of  an  algorithmic  description  of  any  conoeived  form  of  behavior  of 
man,  to  the  unlimited  capacity  of  a  machine  for  leering  and  perfection 
of  codes,  but  here  the  biological,  psychological,  social,  and  other 
faotors  of  the  problem  are  not  considered.  Nevertheless  the  action 
of  the  regularities,  connected  with  the  characteristics  of  the  social- 
historic  process  -  the  formation  of  consciousness,  the  development 
of  productive  forces  and  Industrial  relations,  and  finally,  some 
regularities  of  a  moral-ethical  order  (for  example,  those  which  forced 
an  end  to  the  destruction  of  dolphins),  can  bring  to  nothing  any 
technical  possibilities. 

Sometimes  the  limitations  connected  with  our  subjoctlve  ignorance 
and  the  limitations  which  originate  from  the  laws  of  nature  are 
mixed  up.  Frequently  it  Is  possible  to  hear  that  creative  thought 
and  human  emotions  In  principle  are  unique.  However,  the  successes 
of  psychologists  In  the  area  of  the  heuristic-science  concerning 
creative  thought  and  the  Investigation  of  the  Information  nature 
of  emotions  testify  to  the  opposite. 

If  we  have  in  mind  the  complete  reconstruction  of  human  psychics, 
besides  the  reconstruction  of  a  nonmental  or  mathematical,  but  a 
material,  l.e..  In  the  form  of  a  system  which  possesses  another 
origin  besides  man,  but  is  able  to  think,  feel  and  express  a  will, 
then  the  future  of  modeling  are  apparently  such. 

Current  computers  for  this  purpose  are  unsuitable  In  principle. 
For  their  work  these  machines  require  exact  programming  on  the  basis 


'See  Philosophical  Encyclopedia,  Vol.  1,  The  article  "Algorithm." 


of  the  apparatus  of  mathematical  logic,  which  is  a  contemporary  step 
in  the  development  of  formal  logic  and  it  describes  the  processes  of 
a  rational- logical  step  of  human  thought.  It  operates  already  with 
ready,  formulated  concepts  and  it  does  rot  pose  a  question  about  how 
these  concepts  are  formed.  Therefore  a  contemporary  machine  ia  a 
"dependant"  of  the  human  mind,  it  enters  work  only  when  it  "ia  loaned" 
in  ready  form  the  formalised  result  of  human  knowledge.  The  process 
of  modeling  the  cognitive  activity  begins  here  from  the  middle,  and 
it  is  difficult  to  expect  that  such  a  conservative  system  as  a 
contemporary  computer  would  allow  the  filling  in  of  the  missing 
links  of  a  model.  Therefore  the  attempt  to  construct  directly  the 
assemblies  which  possess  the  ready  features  of  developed  psychics, 
and  "to  make  up"  from  them  a  brain-like  system  hardly  will  lead  to 
the  successful  solution  of  the  problem.  Most  likely  success  will  be 
connected  with  the  utilisation  of  self-adjusting,  self-programming, 
and  self-developing  systems. 

In  all  probability  the  first  problem  will  be  the  development  of 
a  material  structure  which  possesses  a  complexity  of  the  same  order 
as  the  complexity  of  the  human  brain.  A  simpler  system  is  hardly 
suitable  for  this  purpose.  The  futility  of  the  attempts  to  train 
higher  mammals  specifically  to  human  forma  of  behavior  shows,  that 
their  brain,  consisting  of  3-5  billion  neurons,  is  primitive  for 
this  purpose.  In  order  that  the  organization  of  the  system  would 
not  limit  the  possibilities  of  simulation,  it  must  in  all  its 
complexity  approach  the  human  brain  (1.5*10*®  elements,  similar  to 
a  neuron,  appropriate  reliability,  the  presence  of  inputs  which  are 
close  in  characteristics  to  the  sense  organs  of  a  man,  etc.).  To 
do  this  is  not  very  simple. 

In  considering  this  problem,  A.  Turing  indicates  that  in  essence 
it  is  decomposed  to  two:  1)  to  create  a  device,  the  degree  of 
organisation  of  which  would  be  of  the  same  order  as  the  degree  of 
organization  of  the  brain;  2)  to  Impart  to  the  machine  the  initial 
information  which  corresponds  to  that  which  is  transmitted  by 
inheritance.  The  first  part  of  assignment,  in  his  opinion,  is 
simpler  than  the  second:  "Progress  in  engineering  is  also  necessary. 


48 


•  » 


however,  it  is  highly  improbable,  that  (fundamental  -  V.  a.)  a 
difficulty  originates  from  this  side.  The  problem  lies  mainly  in 
programming."* 

However,  even  the  assignment  of  programming  hereditary  informatlo 
in  the  opinion  of  Turing,  is  solvable.  "Our  elaculation,"  he 
writes,  "consists  of  the  fact  that  the  mechanism  of  the  brain  of  a 
child  is  30  simple  that  a  device  similar  to  it  can  be  easily 
programmed."*  It  seems  tc  us  that  Turing  somewhat  simplifies  the 
problem.  We  still  know  very  little  about  the  structure  and  nature 
of  hereditary  information,  and  that  which  we  know  is  still  inaccessibl 
for  modeling  by  contemporary  technology.  In  comparing  the  brain  of 
a  child  with  the  brain  of  an  adult  it  can  be  said  that  "the  brain 
of  a  child  in  a  certain  respect  is  similar  to  a  notebook  which  we 
buy  in  a  kiosk:  an  entirely  small  mechanism  and  very  much  that  is 
pure  pater. "*  But  this  is  only  in  comparison  with  an  adult  brain,  in 
an  absolute  sense  thi3  "mechanism"  is  extremely  compound:  in  each 
•single  act  of  perception  of  a  child  in  an  abbreviated  and  converted 
form  the  entire  historical  process  of  the  making  of  man  is  reproduced. 
In  this  way,  to  program  hereditary  information  means  in  essence  to 
present  in  a  coded  form  the  regularities  of  development  of  humanity. 
Even  the  very  apparatus  of  programming  Is  still  weak  for  the  solution 
of  such  a  complex  assignment. 

If  this  problem  is  solvable,  then  a  system  will  be  obtained 
which  models  the  state  uf  biological  need  and  the  susceptibility  to 
learning  which  is  growing  on  its  base.  As  is  known,  contemporary 
machines  do  not  have  their  own  Internal  need  for  existence.  Machines 
which  are  called  self-organizing,  self-adjusting,  and  so  on, 
correspond  to  their  name  only  conditionally:  self-development,  l.e., 
a  development  because  of  an  Internal  need,  is  lacking  in  them. 

Can  a  machine  think?,  page  51. 

Can  a  machine  think?,  page  52. 
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The  machine,  which  possesses  the. Internal  need  for  development, 
susceptibility  to  learning,  and  a  rather  large  memory,  a.  Turing 
sails  a  "machine-child."  He  considers  that  such  a  machine  should 
"be  provided  ...  with  good  organs  of  sense,'  and  then  learn  to  under¬ 
stand  and  speak  in  English.  In  thifc  case  the  machine  can  be  trained 
as  a  child."*  1  .  •  »• 

*  I  i 

I 

Here  there  are  also  serious  difficulties.  How  to  teach  a  .machine1 
to  react  to  words  and  to  pronouce  them  more  or;  less  clearly?  It 
can  be  done  with  the  help  of  contemporary  , computers.  The  basic 
difficulty  is  to  teach  the  machine  to  understand  words.  It  is  true 
that  Ashby  considers  that  to  create ; new  concepts  is  basically  simple: 
with  the  appropriate  interpretation  concepts  are  the  results-  of  the 
work  of  an  electronic  circuit,  connected  with  any  kaleidoscope  -  with 
a  noise  tube  or  even  with  the  viscera  of  a  sheep.  'But  thfe  whole 
essence  here  is  included  in  the  words  "with  the  appropriate  interpre-  • 
tation,"  since  realization  and  interpretation  of  results  still  are  1 
accessible  only  to  man  and  the  essence  of  these  processes  stLJl  has 

t 

not  been  clarified  to  the  er.d.  1 

•  '  -  -  :  . 

i 

In  the  final  analysis  everything  rests  on  the  need  for  the  , 

simulation  of  consciousness,  which,  as  is  known.  Is  not  only  a 
property  of  highly  organized  material,  but  1$  also  the  product  of. 
the  social-historical  development  of  humanity.  This  means  that  the 
next  assignment  is  to  model  a  social  environment  .which  i$s  rather 'rich 
in  an  Intellectual  respect  or  to  attempt  to  include  a  "machine-chi 1j" 

In  the  existing  social  environment.  The  second  path  seems  Improbable, 
since  a  machine  Is  a  weapon  and  not  the  subject  of  labor.  An  attempt 
to  change  its  position  In  the  system  of  product iv>  forces  and  ' 

industrial  relations  all  the  more  so  in  the  system  of  all  public 
-relations,  will  unavoidably  bear  the  features  of  artificiality  and, 
in  essence,  will  be  reduced  in  the  simulation  of  a  social  environment .  . 


The  creation  of  an  Information  model  cf  a  social  environment  Is 


‘Idem,  page  58. 
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a.-,  asklgnne/it  of  c-Jcn  complexluy ,  with  which  contemporary  science 
has  stlli  hot  encounteroa.  iiuuep  relatione  are  extremely  complex, 
v  «l  t.*rr«*4>vesent  logic-'-jatijr-fnatical  apparatus  is  silli.tco  y»-<!ak  to 

’  .  i 

describe  thorn.  However,  the  spelai  environments  and  its  pressure  on 
the  shaping  of  consciousness  of  an  individual' are  natural, and  <  ( 

cognizable,  and  therefore  there  is  nc  bsaip  for  considering  that  its 
simulation  will  always  be  impossible.  (  1  1 

i  * 

.  •  .  ,  t  *  * 

Prom  everything  stated  above  the  following  conclusions  can  be. 
'made.  -Today  knowledge  about  the  Structure  and  functions  of  the  brain', 
methods  and ‘ apparatus  for  their  logfe-mathematical  description,  and 
'the  technology  of  electronic  machine  construction  still  do  not'.allow  1 

i  1  •  »  * 

any  close  approach  to  the  complete  solution  to  this  problem.  In  this 
'case  the1  basic  dlffi-culty  -  the  difficulty -of  description  and 
simulation  of  (the  social  environment  in  which  consciousness  appears  - 
is  stil'l  ahead.  However,  among  those  presently  known  laws  cf  nature, 
society,  and  though  there  are  none  which  irrqfuteoly  lhdlcate  the 
Impossibility -of  the  development  of  such  machines.  Apparently  one 
must  originate  from  in  organizing  the  scientific  'search  In  this  • 

•  direction.  ,  ! 

i  i  '  .  • 

*  I 

However,  any  possibility  for  society,  including  technical,, 
remains*  unrealized  if  none  of  the  economic,  social,  or  military 
needs  for  its  realization  /exist.  Therefore,  in  addition. to  the 
analysis  of  teohnicul 1  and  other ‘possibilities,  one  should  still  < 

.  study  t.ne'  question  of  whether  or  not  the  Interest  of  people  in  the  • 

i 

creation, of  such  machines  exists.  Otherwise  society  will  find  better 
utilization ‘of  its  forces  and  means.  *  ■  ‘  > 

Considering  .the  tendencies  for  the  automation  of  production  and 

•  ,  •  I 

the  armed  forces,  it  is  not  difficult  to  notlqe  that  the  trend  to 
replace  man  by  a  machine  is  manifested  onljr  »t  a  lower 'level.  In 
complex  systems' the  assignmont'* of 'automation  is*  to  supplement  njan 
with  a  machihe,  matching  them  in  a  single  complex  in 'order  to 

•  i  •  •  •  .  * 

'mutually  compensate  the /deficiencies  and  emphasize  the  advantages  of 
,  each  .other.  A  machine  which  possesses  in  accuracy  the  same 
.  deficiencies  and  weaknesses  lat;  man  can  become  an  e^per^sive,  but  p 
useless  adornment  of  the  system.  The  leading  tendency  of  the 
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development  of  •:iiv  ui.J  ctm-r  r-ichln-.-s  V 

In  th«  future-  remains  not  a  simple  repetition, 
m.-ntlng  of  the  features  of  human  pay<:r.it:„. 


nr  pi  v.- -.•«  sing  Inform*.:  ion 
but  namely  the  supple- 


However,  this  addition  bears  a  very  dialectic  nature:  in  order 
to  supplement  thought  at  some  level,  a  machine  must  be  similar  to  it 
namely  at  this  level.  In  this  way  supplementing  itself  is  connected 
with  simulation,  and  the  trend  for  more  effective  matching  of  the 
.machine  and  the  brain  requires  increasingly  more  complete  repetition 
of  the  features  of  the  second  in  the  first. 


Futhermore,  in  industry,  science,  technology  and  military 
affairs  such  assignments  exist,  for  the  solution  of  which  as  complete 
a  repetition  as  possible  of  the  features  of  psychics  is  directly 
necessary.  In  Industry  and  technology  an  analog  of  the  brain  is 
necessary  at  harmful  productions,  underground  works,  uranium  mines, 
during  emergencies  and  rescue  operations,  and  also  during  the 
dangerous  testing  of  atomic  reactors,  new  models  of  aircraft,  piloted 
space  objects,  and  in  many  other  cases  when  the  presence  of  man  not 
only  does  not  remove  technical  difficulties,  but  generate*  new  ones. 

For  example,  the  presence  of  man  on  a  spaceship  leads  to  the  need  for 
the  solution  of  the  most  complex  problem  of  subsistence,  radiation 
protection,  incomparably  increases  the  requirements  Tor  the  reliability 
of  equipment,  and  leads  to  compulsory  systems  for  return  and  landing. 

Such  an  expensive  tab  sometimes  makes  It  necessary  to  look  in  on  the 
work  of  one  or  another  system  not  with  the  help  of  telemetry,  but 
with  so-called  "human  eyes." 

Modals  of  the  brain  are  also  necessary  for  Investigations  in  the 
areas  of  neurophysiology,  psychology,  logics,  linguistics,  education, 
and  a  whole  series  of  other  sciences.  The  value  of  such  models  lies 
in  the  fact  that  with  their  help  it  is  possible  to  investigate  any 
pathology,  dangerous  disorders  and  their  causes  -  here  indeed  it  is  « 

possible  to  vary  conditions  without  fearing  a  sad  outcome.  In  this 
way  it  is  possible  to  find  the  most  effective  means  of  therapy, 
education,  training,  and  development  of  abilities.  Models  of  this  t 

type  will  become  very,  useful  during  the  Investigation  of  optimum 
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conditions  for  the  matching  of  man  and  technology  In  a  situation 
of  incroaaed  nervous  stress*  induced  by  danger*  and  also  for  the 
development  of  algorithms  of  behavior  of  man  in  emergency  situations. 

It  is  considered  that  such  a  kind  of  model  will  find  utilisa¬ 
tion  in  military  affairs,  for  example*  for  Increasing  the  effective¬ 
ness  of  pilotless  reconnaissance  aircraft  in  the  processing  of  non- 
formallsed  information*  in  the  control  of  combat  machines  in  complex 
situations  not  envisioned  by  the  program  of  conventional  computers 
and*  finally,  for  reducing  the  degree  of  danger  to  which  people  are 
subjected  in  a  tone  of  high  radiation. 

It  is  possible  to  assume  boldly  that  the  scientists  of  all 
countries  of  the  world  will  continue  work  in  the  area  of  simulation 
of  a  thinking  brain*  striving  to  pass  from  primitive  particular  to 
Increasingly  improved  and  complete  models  of  psychics*  In  the  press 
the  thought  was  expressed  that  the  army*  which  has  the  better  machines 
of  this  class  will  gain  serious  supplemental  military-technical 
advantages . 


see 

In  concluding  the  present  section,  dedicated  to  the  discussion 
of  the  methodological  problems  of  the  simulation  of  human  psychics* 
it  is  possible  to  make  the  following  conclusions. 

Inasmuch  as  in  Industry*  science,  technology*  and  military 
affairs  the  need  exists  for  machines*  reproducing  the  function  of 
the  brain*  the  nervous  system*  and  the  sense  organs*  then  the  need 
exists  for  the  development  of  the  methodological  problems  of  such 
simulation,  the  role  of  philosophy  in  this  area  is  not  reduced  to  a 
monosyllabic  answer  to  the  question*  is  it  possible  to  create  a 
machine  which  completely  repeats  a  thought.  A  philosophical  investi¬ 
gation  proposes  the  development  of  a  basic  ideological  concept  and 
an  objeet*  considering  economic,  social,  and  military  factors,  and  It 
also  includes  the  gnoseological  analysis  of* basic  concept  and  the 
development  of  methods  of  investigation. 


53 


tr 


-v-r 


1  »  "<  .  -»  *  -MfT  -.  > 


■**>'  V* 


Zn  the  solution  of  problems  connected  with  the  simulation  of 
human  psychics  one  ought  to  originate  from  a  fundamental  Marxist 
situation,  that  thought  is  the  property  of  highly  organized  matter 
and  the  product  of  social-historical  development.  In  the  origin  of 
consciousness  and  psychics  there  is  nothing  supernatural  and 
imperceptible,  and  therefore  there  are  no  bases  to  assume  that  in 
the  future  the  possibility  will  not  arise  for  the  artificial  repro- 
duotlon  of  thought  in  a  system  which  is  different  from  the  human 
brain  in  origin.  However,  the  difficulties  on  the  way  to  this  are 
extremely  great,  and  until  such  simulation  comes  forward  as  an  abstract 
possibility,  which  altogether  will  not  contradict  the  basic  laws  of 
nature,  society,  and  thought.  Zn  this  case  there  are  no  guarantees 
that  further  investigation  will  not  lead  to  the  discovery  of  such 
concrete  regularities  or  a  combination  of  factors  which  will  show 
that  this  is  only  an  apparent  possibility.  Incapable  of  turning  into 
reality. 

Hence  our  approach  to  the  development  and  utilization  of  brain- 
like  machines  in  control  systems  should  be  rather  elastic  and  realistic. 
At  each  stage  of  development  of  science  it  is  necessary  to  strive  to 
completely  use  all  its  achievements  for  all  possible  perfection  of  a 
weapon,  combat  technology,  and  the  systems  for  controlling  them. 

3.  The  Problem  of  the  Logic -Mathematical 
Description  of  the  Processes  of 
Armed  Struggle 

Zn  recent  years  stormy  process  of  "mathematization"  of  military 
knowledge  has  been  going  on,  moreover  especially  rapidly  the  mathe¬ 
matical  apparatus  and  the  quantitative  methods  of  investigation  are 
penetrating  the  theory  of  military  art.  Several  interdependent 
reasons  exist  for  this:  the  clearly  expressed  technical  nature  of 
contemporary  transformations  in  military  affairs,  the  need  for 
optimization  of  the  processes  of  control  of  a  weapon  and  troops, 
and,  finally,  the  need  for  the  automation  of  control  systems. 

Present  radical  conversions  in  military  affairs  led  to  the  fact 
that  an  exact  quantitative  prediction  of  the  actions  of  troops 
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became  a  substantial  part  of  the  decision  of  a  commander.  The 
utilization  of  contemporary ,  in  particular  huclear  rocket,  weapons 
!»».:»’ ruaod  the  accuracy  required  of  decisions.  Estimated  qualitative 
values  now  prove  to  be  hardly  effective,  and  often  dangerous.  The 
troops  are  now  loaded  down  with  electronic  equipment,  and  for 
controlling  it  It  is  necessary  to  possess  firmly  the  universal 
language  of  soience  -  mathematics. 

The  high  development  of  contemporary  military  art  caused  a  trend 
to  optimize  the  processes  of  control  of  the  troops  and  weapons.  But 
optimum  control  unlike  control  in  general  becomes  possible  only 
when  there  are  -not  only  qualitative  expressions  of  general  regularities, 
but  also  a  strict  quantitative  description  of  bonds,  relations,  and 
Interdependences  Inherent  to  the  given  phenomenon. 

As  conoerns  the  automation  of  control  of  troops  and  weapons, 
then  its  fundamental  possibilities  depend  on  which  bonds  and  relation¬ 
ships  of  armed  struggle  in  principle  cun  be  described  by  a  formal 
logic-mathematical  apparatus  and  which  of  them  by  their  very  nature 
are  non formal 1 table.  The  fact  is  that  the  possibilities  of  formali¬ 
zation  determine  which  and  how  much  Information  can  be  Introduced 
into  omputer  program,  and,  consequently r% where  they  can  be  used. 

"t  is  true  that  assertions  are  encountered  that  machines  will 
exist  for  which  a  program  1b  not  required.  Be  it  thus,  all  difficul¬ 
ties  connected  with  ma*:hematlz&tior.  and  programming  may  be  bypassed. 
However,  the  concept,  as  if  self-programming  machines  do  not  require 
a  program,  is  based  on  the  mixing  of  the  concept  of  a  program  in 
general  with  that  particular  case  of  a  program  which  takes  place  in 
devices  with  "program"  (or  command)  control,  for  example  in  automatic 
lathes.  As  a  rule,  following  the  assertion  mentioned  above  there 
should  be  a  discussion  about  such  methods  of  machine  programming 
when  the  information,  with  the  help  of  an  algorithmic  language,  let 
us  say  the  AL001-60,  is  input  into  a  translator,  and  already  the 
translator  "makes"  the  program.1 


'See  0.  Bottenbrukh.  The  structure  of  ALGOL-60  and  its  utilisa¬ 
tions.  Publishing  House  of  foreign  literature,  1963* 
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In  other  cases  they  say  that  machines  can  be  adapted  to  changing 
conditions,  to  learn,  etc. 

As  we  see,  the  supporters  of  this  point  of  view  consider  as  a 
program  only  the  program  of  actions  of  a  machine  which  Is  directly 
created  by  man,  but  the  program  of  learning,  self-adjusting,  selection, 
and  the  creation  of  new  programs  they  no  longer  consider  as  programs. 
But  Indeed  even  the  process  Itself  of  development  of  a  machine  •  this 
Is  not  only  a  physical  process,  but  also  the  process  of  transmission 
and  conversion  of  Information,  and  the  main  circuit  of  the  nachlne  is 
Its  structual  program. 

Machines,  being  created  on  the  basis  of  principles  currently 
known  to  science,  will  always  require  an  algorithm.  It  Is  unimpor¬ 
tant  whether  this  is  an  algorithm  of  the  direct  eolutlon  of  an 
asslg.iment  or  an  algorithm  of  search  fcr  the  paths  of  a  solution. 

The  progress  of  cybernetic  devices,  which  do  not  represent  a  complete 
copy  of  the  brain.  Is  found  In  direct  dependence  on  capabilities  of 
mathematical  and  formal-logic  representation  of  processes  and 
phenomena  of  armed  struggle. 

The  aforesaid  should  not  be  understood  as  simplified,  as  If  man 
must  absolutely  solve  everything  himself,  and  after  that  the  machine 
will  repeat  the  same  accurately.  The  discussion  Is  not  about  this. 

The  program  determines  the  "world"  of  the  machine.  It?  "universe," 
the  horizons  of  Its  vision.  But  within  the  limits  of  these  horizons 
It  can  find  original  paths  of  solution  and  show  those  aspects  of  the 
phenomena,  about  which  the  compilers  of  the  programs  did  not  suspect. 
This  is  possible  because  an  algorithm  is  the  product  of  human  genius 
and  it  contains  particles  of  this  genius. 

The  problem  of  programming  is  not  eliminated  for  machines  which 
rather  fully  model  psychics.  Indeed  man  Is  not  free  feem  the 
certuln  program,  which  comprise  the  system  of  behnvli;”  •l~-*  K  - 

humanity  and  imparted  to  each  individual  by  inheritance  and  In  the 
process  of  education  and  training.  Man  enters  an  Industrial  relation¬ 
ship  which  does  not  depend  on  his  will,  uses  the  industrial  skills. 
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which  basically  were  obtained  from  preceding  generations,  and  with 
deviations  from  the  standards  of  morals  and  rights  experiences  the 
"regulating”  pressure  of  society,  etc.  If  man  already  has  a  program, 
then  for  the  machine  which  is  an  analog  of  a  man  (at  any  lovel  of  its 
perfection),  a  program  is  all  the  more  necessary.  But  to  artificially 
create  such  a  program  is  difficult:  if  a  considerable  part  of  the 
program  of  human  behavior  is  formed  unconsciously  or  only  guessed 
intuitively,  then  in  the  programming  of  a  model  it  is  a  must  to  be 
completely  theoretically  comprehended  by  the  investigators. 

In  this  way,  any  of  the  paths  of  perfection  of  the  cybernetic 
devices  being  applied  in  the  sphere  of  control  of  weapons,  and  in 
particular  of  troops,  will  lead  to  the  problem  of  the  logic- 
mathematical  description  of  processes  and  phenomena  of  an  armed 
struggle  or  to  the  question  about  the  future  of  "mathematlzatlon"  of 
the  theory  of  military  art. 


•  •  • 

Attempts  to  use  mathematics  for  a  description  of  an  armed 
struggle  and  for  the  prediction  of  its  development  were  observed 
already  In  the  XVIIIth  Century.  They  are  connected  with  the  names  of 
0.  Lloyd  and  D.  Bulow.  The  first  of  them  in  his  memoirs  attempted 
to  investigate  the  quantitative  connection  between  various  factors 
Influencing  the  course  and  outcome  of  battle.  D.  Bulow  continued 
the  Investigations  started  and  substantially  enlarged  the  sphere 
of  utilisation  of  mathematics  in  military  art. 

However,  these  investigations  had  serious  deficiencies,  and  by 
the  beginning  of  the  XIXth  Century  they  lost  their  value.  According 
to  Lloyd,  war  was  divided  into  two  sharply  opposite  sides:  material 
factors,  which  can  be  described  quantitatively  and  applied  during 
their  investigation  of  mathematics,  and  subjective  factors,  not 
lending  themselves  to  mathematical  description  and  not  falling  in 
any  standards  and  rules.  As  concerns  Bulow,  then  he  not  only  did  not 
overcome  the  deficiencies  of  the  theory  of  Lloyd,  but  he  aggravated 
.them,  detaching  mathematical  methods  away  from  practical  military  art. 
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The  next  attempt  to  m&thematlze  military  art  belongs  to  the 
English  mathematician  F.  Lanchester.  In  his  book  "War  and  The  Air 
Forces ,"  published  in  1916,  he  proposed  equations,  expressing  the 
dependence  of  the  losses  of  troops  on  their  concentration  during  the 
application  of  various  types  of  weapons.  The  attempt  by  Lanchester 
was  also  not  very  successful,  since  his  equations  considered  only 
some  of  the  factors  influencing  the  outcome  of  battle,  and  that  is 
why  the  practical  utilisation  of  this  method  often  led  to  results 
which  were  very  far  from  the  truth. 

Mathematical  methods  of  investigation  of  battle  actions  received 
their  widest  utilisation  in  the  course  of  The  Second  World  War, 
when  in  many  countries  of  the  world  the.  best  mathematicians  were 
drawn  into  this  work.  During  this  period  methods  were  developed  for 
appraising  the  vulnerability  of  targets,  methods  for  the  investigation 
of  the  effectiveness  of  firing,  and  even  a  specific  mathematical 
apparatus  was  developed  for  the  analysis  of  conflicting  situations 
which  are  so  characteristic  for  an  armed  struggle.1 

However,  all  this  was  only  the  prehistory  of  that  vigorous 
process  of  nathematlzation  of  military  knowledge  which  began  in 
connection  with  the  introduction  of  nuclear-rocket  weapons,  supersonic 
aviation,  3pace  means  for  combat,  and  electronic  systems  of  control. 
Now  mathematical  methods  of  investigation  penetrate  literally 
everywhere . * 

The  introduction  mathematical  methods  proceeds  through  the 
overcoming  of  objective  and  subjective  difficulties,  many  of  which 
bear  a  methodological  and  ideological  nature. 

Military  science,  as  is  known,  is  found  "at  the  Junction"  of 
technical  and  social  sciences  and  is  intimately  connected  with  both 
of  them.  Therefore  the  tendencies  of  development  of  these  sciences 


'See  P.  Mors  and  D.  Kimbell.  The  methods  of  investigation  of 
operations.  Publishing  House  "Sovetskoye  Radio,"  1966. 

'See  I.  I.  Anureyev  and  A.  Ye.  Tatarchenko.  The  utilization  of 
mathematical  methods  in  military  affairs.  Voyenisdat,  1967. 
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and  or  the  disposition  of  various  group*  of  scientists  find  tht-lr 
reflection  In  the  area  of  military  science.  If  the  introduction  of 
mathematics  in  the  military-technical  field  and  its  utilization  in 
the  capacity  of  an  auxiliary  means  in  the  theory  and  practice  of 
military  art  for  accounting  for  material  factors  of  armed  struggle 
do  not  .encounter  specific  methodological  difficulties,  then  its 
utilisation  in  the  capacity  of  a  method  for  the  description,  simula¬ 
tion,  and  investigation  of  subjective,  and  in  particular  social, 
aspects  of  an  armed  stzuggle  frequently  causes  distrust  sod  even 
specific  fears.  Actually,  as  soon  as  the  matter  reaches  a  mathematical 
description  and  calculation  of  such  factors  as  the  moral  spirit  of 
troops,  sympathy  and  antipathy  of  the  local  population,  organisational 
abilities  of  commanders  or  the  description  of  the  regularities  of 
motion  and  the  outcome  of  war,  then  it  is  necessary  to  hear  statements 
that  these  aspects  of  war  in  principle  do  not  allow  a  mathematical 
description,  mathematics  allegedly  never  will  be  able  to  take  Into 
account  the  complex  dialectics  of  an  armed  struggle,  that  this  is 
only  the  domain  of  command  intuition. 

To  overcome  such  difficulties  means  to  sort  out  in  detail  the 
'apabllltles,  tendencies,  and  outlooks  for  the  mathematical  description 
of  all  social  phenomena  in  general.  Then  it  will  become  clear  what 
can,  and  what  cannot  be  expected  from  mathematics  in  the  sphere  of 
armed  struggle. 


*  ••  •'  •  ';•>  ; •  s  s 

The  need  for  mathematlzatlon  of  social  sciences  is  determined 
mainly  by  the  fact  that  the  level  of  their  development  should 
.correspond  to  the  level  and  need  for  development  of  the  object  of 
investigation  Itself  -  a  socialist  society  which  entered  the  period 
of  the  .building  of  communism.  Communism  as  a  higher  social-economic 
forsiatlon  proposes  and  a  higher,  freedom  to  the  members  of  society, 
and  namely  supremacy  over  the  processes  of  social-historical  develop¬ 
ment,  optimum  control  of  these  processes,  which  naturally  requires 
.a  strict  quantitative  description  of  the  object  of  control  and  the 
process  of  its  change. 
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At  the  same  time  the  need  for  the  mathematlzatlon  of  sciences 
flows  out  of  the  Internal  logic  of  the  development  of  all  contemporary 
science  In  general.  V.  I.  Lenin  more  than  half  a  century  ago  pointed 
out  that  from  natural  science  to  social  sciences  mighty  current  flows 
which  Is  strengthened  with  each  century.  The  mathematizatlc  .1  of 
social  science  cooes  forward  now  as  one  of  the  means  for  the  creation 
of  a  single  language  of  science,  the  unification  of  Its  conceptual 
fund,  necessary  for  the  mutual  enrichment  of  sciences  and  the  "cross 
fertilisation"  of  concepts.  Many  prominent  solontlsts  point  out  this 
process.  For  example,  R.  Oppenhetmer  wrote:  "We  begin  to  note,  that 
the  deep  precipices,  which  up  to  recently  were  separating  the  various 
spheres  of  nature  from  one  another,  the  precipices  between  the  living 
and  the  dead;,  between  physical  and  uplrltual,  looked  Insurmountable ; 
these  precipices  are  beginning  to  gradually  step  back  under  the 
strong  pressure  of  tedious  Investigators."1  N.  Wiener  expresses  this 
thought  still  more  sharply.  He  writes  that  "the  division  of  science 
Into  various  disciplines  Is  no  more  than  an  administrative  condition- 
allty,  necessary  only  for  the  convenience  of  distribution  of  forces 
and  means."1 

Contemporary  science  not  only  require  the  utlllzatlor  of 
mathematics,  but  also  It  creates  the  practical  possibility  of  Its 
Introduction  Into  social  science.  On  the  one  hand,  these  sciences 
themselves  achieved  such  a  degree  of  faiaturity,  when  the  bonds  and 
relations  being  studied  by  them  were  Investigated  in  such  detail,  that 
they  could  be  described  mathematically.  On  the  other  hnnd,  mathe¬ 
matician:  developed  the  methods,  really  applicable  for  'iO  Investi¬ 
gation  of  such  a  complex  object  which  Is  human  society.  The  same 
processes  also  occur  In  military  science. 

The  possibility  and  need  for  the  utilization  of  mathematics  In 
social  science  was  pointed  out  by  K.  Marx.  In  a  letter  to  F.  Engels 
on  31  May  1873  he  wrote:  "I  repeatedly  attempted  -  for  the  analysis 


'Cited  in  the  book  by  K.  Ruze  "Robert  Oppenhelmer  and  the  Atomic 
Bomb,"  Qo8polltlzdat,  1963,  page  11. 

*N  Wiener.  I  -  the  mathematician.  Pub.  House  "Nauka,"  1964, 
page  166. 
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of  crises  -  to  compute  these  ups  and  downs  (increase  and  decrease  - 
editor)  as  Incorrect  curves  and  thought  (and  I  still  think  that  with 
adequately  proven  material  this  is  possible)  to  deduce  mathematically 
from  this  the  main  laws  of  crises. 

This  statement  contains  Important  indications  in  principle.  In 
the  first  place,  from  here  it  follows  that  the  mathematical  description 
of  social  phenomena  in  general,  conflicting  situations,  which  is 
economic  competition  under  capitalism,  and  an  armed  struggle,  in 
particular  is  completely  possible.  Moreover,  the  repeated  attempts 
which  were  undertaken  by  Marx  testify  that  he  considered  such  a 
description  of  phenomena  necessary  for  the  further  development  of 
social  science.  The  second  indication  by  Marx  is  that  for  the 
mathematical  description  of  social  phenomena  it  is  necessary  to  have 
"adequately  proven  material."  Finally,  the  third  indication  by  Marx 
'is  that  a  mathematical  description  makes  it  possible  to  reveal  not 
simply  some  of  the  many  regularities,  but  namely  the  "main  laws"  of 
oomplex  social  phenomena. 

In  connection  with  "mathematizatlon"  of  military  science  a 
number  of  theoretical-cognitive  questions  arise:  a)  Why  up  to  the 
present  these  methods  have  not  found  the  proper  distribution  in  the 
humanitarian  sciences?  b)  Which  social  phenomena  because  of  their 
nature  in  principle  do  not  allow  it?  o)  Is  the  contemporary  mathe¬ 
matical  apparatus  in  a  condition  to  adequately  reflect  the  bonds  and 
relationships  which  are  Inherent  to  social  processes?  We  will  attempt 
to  examine  these  questions  briefly. 

e  e  e 

Why  up  to  now  have  not  mathematical  methods  found  application 
in  social  science?  In  order  to  reveal  the  main  reason,  one  should 
first  of  all  turn  to  the  nature  of  the  objects  of  investigation 
themselves . 


*K.  Marx  and  F.  Engels.  Col.  Voi.  33,  page  72. 
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The  type  and  complexity  of  a  mathematical  apparatus,  suitable 
for  a  description  of  a  given  phenomenon,  depend  on  the  nature  of 
the  bonds  and  relationships  and  finally  on  the  nature  of  the  phenomenon 
Itself.  It  Is  known  that  each  thing  has  an  endless  number  of  bonds 
and  relationships  with  Its  surrounding  world.  However,  not  all  the 
bonds  are  equivalent.  Some  can  prevail  over  others,  and  their  action 
can  be  several  orders  stonger  than  that  of  the  others.  Furthermore 
the  bonds  can  be  stable  or  unstable,  determine  the  essence  or  a 
process  or  only  add  to  It  this  or  that  unessential  part. 

All  phenomena  and  processes  In  the  nature  of  their  bonds  and 
relationships  In  first  approximation  can  be  divided  into  two  types: 
a)  with  a  limited  and  practically  small  number  of  substantial  stable 
bonds  prevailing  over  all  the  remaining  ones,  and  b)  with  a  theoreti¬ 
cally  lndlnltely  large  number  of  uncorrelated  bonds,  which  do  not 
reveal  a  noticeable  dominance  over  one  another  and  determine  the 
outcome  of  the  process ‘in  Its  entire  totality.  A  classic  example 
of  the  first  type  of  phenomena  can  be  the  movement  of  the  planets 
of  the  solar  system.  In  this  process  the  dominant  values  are  the 
massea  of  the  plcnets,  their  orbital  velocities  and  the  distances 
between  them  and  the  sun.  All  the  remaining  relationships, 
determined  by  the  form  of  the  planets,  the  distribution  of  their 
masses  relative  to  the  centers  of  gravity,  the  properties  of  the 
atsiosphere,  the  movement  of  meteorites,  etc.,  are  by  many  orders 
less  significant.  An  example  of  phenomena  of  the  second  type  can  be 
the  thermal  motion  of  molecules  of  gas.  Here  the  vector  of  velocity 
of  each  of  the  molecules  Is  determined  by  a  potentially  endless 
number  of  approximately  equal  In  value  and  weakly  correlated  bonds 
and  relationships. 

In  the  description  of  processes  of  first  type  a  very  effective 
means  turns  out  to  be  differential  and  integral  calculation,  which 
makes  It  possible  to  establish  exact  Individual  or  "regular"  laws, 
for  example,  the  laws  of  Uewton  and  Kepler.  In  the  -5'r I 
processes  of  second  type  success  Is  attained  by  using  the  apparatus 
of  the  theory  of  probabilities  and  mathematical  statistics,  making 
It  possible  to  establish  laws  which  are  valid  for  the  whole  ensemble 
of  events. 
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Kowovor,  such  a  division  of  processes  and  phenomena  into  two  types 
holds  true  only  as  a  first  approximation.  The  basic  mass  of  practical 
prowjsoa  does  not  possess  such  clearly  delineated  criteria  of  these 
classlcul  types.  Under  specific  conditions  they  even  pass  over  from 
one  to  another.  If  we  take  a  hypothetical  planetary  system,  where 
the  dlstanceskof  -the  planets  from  the  sun  and  between  themselves 
are  commensurable  with  the  radii  of  the  planets,  then  their  orbits 
will  be  dependent  to  a  greater  degree  on  the  distribution  of  mass  of 
the  planets  relative  to  their  centers,  density,  elasticity,  the 
effect  of  flows,  and  even  on  the  parameters  of  the  atmosphere.  In 
this  case  to  convey  the  orbits  of  the  planets  with  the  help  of  the 
laws  of  Newton  and  Kepler  either  cannot  be  done  at  all  or  it  will  be 
a  crude  approximation.  In  this  case  it  is  possible  to  show  only 
the  probability  characteristics:  planet  A  at  moment  T  with  a  prob¬ 
ability  ?  is  found  in  the  sphere  of  radius  A,  the  center  of  which  is 
preset  by  coordinates  x,  y,  s. 

The  types  of  phenomena  shown  above  are  not  divided  absolutely 
and  in  the  nense  that  in  some  respects  the  given  phenomenon  can 
come  forward  an  regulated  (so  we  will  call  the  first  type  of  phenomena) 
and  in  the  others  -  as  probable  (these  include  the  second  type  of 
phenomena).  The  thermal  motion  of  molecules  is  not  chaotic  in  all 
respect*,  tech  molecule  from  collision  to  collision  is  moved 
rcclUlneariy  and  evenly  at  e  rate  which  is  determined  by  the  reserve 
of  energy  obtulned  during  the  collision.  This  process  is  regulated. 

Zn  another  respect  to  the  reserve  of  energy  received  by  the  molecules 
during  collisions  -  this  process  is  probable:  it  is  possible  only 
to  say,  that  with  a  probability  P  the  energy  received  during  the 
given  collision  will  be  found  within  the  limits  E  t  LE.  But  at  the 
same  time  the  average  energy  B,  received  by  molecules  over  a  large 
nuaber  of  collisions,  depends  "in  a  regular  way"  on  temperature  T 
and  pressure  P.  Analogous  is  the  affair  with  the  regularities  of 
armed  struggle:  in  some  bonds  and  respect  they  come  forward  as 
regulated,  and  in  others  -  as  probable.  '  Attempt  at-  the  separation 
of  these  regularities  into  two  types  based  on  the  principle  "either  - 
or"  or  the  enrollment  of  all  phenomena  into  one  of  these  types  will 
hardly  bring  success. 
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The  division  of  phenomena  Into  regulated  and  probable  Is  also 
relative  because  between  them,  if  we  present  them  as  some  poles  on  a 
scale  of  gradations,  zones  of  phenomena  are  disposed,  which  can  be 
called  "regulating,”  moreover  It  is  possible  to  outline  a  number  of 
degrees  of  ordering  depending  on  the  attraction  of  the  phenomenon 
to  any  pole.  Let  us  take,  for  example,  the  motion  of  electrons  over 
a  conductor  under  the  influence  of  the  difference  of  electrical 
potentials.  Initially  let  the  difference  of  potentials  be  equal  to 
zero.  The  process  is  purely  probable:  the  electrons  are  found  In 
chaotic  thermal  motion  in  the  direction  of  all  three  spatial  axes. 

In  proportion  to  the  building  up  of  the  difference  of  potentials  the 
motion  of  electrons  will  be  regulated  more  and  more  from  the  negative 
pole  of  the  source  to  the  positive.  In  this  way,  with  a  buildup  of 
the  dominance  of  one  or  a  few  factors  the  process  is  regulated. 

However,  purely  regulated  phenomena  do  not  exist:  for  this  in  the 
given  example  an  endless  difference  of  potentials  would  be  necessary. 
And  also  purely  chaotic  processes  do  not  exist.  The  electrons  of  a 
conductor,  in  addition  to  chaotic  thermal  motion,  are  al3o  found  in 
motion  connected  with  the  movement  of  the  whole  conductor  (a  convective 
current),  for  example,  together  with  the  rotation  of  the  earth. 

Purely  regulated  and  purely  probable  phenomena  are  certain  heuris- 
tlcally  Justified  scientific  abstractions,  idealizations  which 
characterize  the  boundaries  of  the  scale  of  gradations. 

The  laws  of  science  reflect  the  laws  of  nature  with  a  certain 
error  which  decreases  in  proportion  to  the  development  of  the 
science.  On  each  step  of  development  of  a  science  It  Is  necessary 
to  resort  to  simplifying  assumptions.  Those  phenomena,  which  with  a 
certain  assumption  can  be  idealized  and  reduced  co  one  of  the  extreme 
cases,  lend  themselves  more  readily  to  a  mathematical  description. 
Therefore  the  mathematlzatlon  of  science  goes  more  rapidly  where  the 
nature  of  the  bonds  is  closer  to  "the  flanks"  of  the  scale  of 
gradations,  and  it  falls  behind  if  the  phenomena,  conditionally 
speaking,  are  located  "in  the  middle."  That  is,  when  there  is  a 
complex  interlacing  of  bonds  of  various  orders  with  low  repetition, 
which  allows  the  application  of  the  statistical  apparatus,  and  there 
is  no  stable  dominance  of  a  small  number  of  bonds,  which  expose  with 
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satisfactory  approximation  "regulated"  laws.  The  more  complex  a 
phenomenon,  the  more  frequently  It  happens  that  bonds.  Indifferent 
to  a  process  under  some  conditions,  gain  the  capability  to  influence 
it  seriously  in  others.  In  this  case  the  bonds  acquire  the  nature  of 
Interdependences,  they  become  polygonal  and  circular,  they  are 
correlated  between  each  other,  and  the  phenomena  themselves  do  not 
possess  a  sufficient  mass  nature  within  the  limits  of  one  and  the 
same  qualitative  state. 

These  are  the  main  difficulties  encountered  during  attempts  to 
simplify  the  description  of  social  phenomena.  Idealisation  is 
carried  out  simpler,  when  it  is  dealing  with  lower  forms  of  movement 
of  matter  and,  convesely,  it  becomes  very  difficult  in  respect  to 
higher.  Therefore  mathematics  became  a  generally  accepted  language 
of  mechanics  already  in  the  XVI-XVIIth  Centuries,  entered  solidly 
into  physics  during  the  two  subsequent  centuries,  and  only  now  is 
beginning  to  penetrate  biology  and  the  social  sciences. 

In  spite  of  the  fact  that  the  forces  of  a  number  of  prominent 
mathematicians  on  the  mathematical  description  of  biological 
processes,  are  now  directed  the  difficulties  are  so  considerable,  that 
the  obtaining  of  strict  expressions  of  basic  biological  regularities 
is  an  assignment  which  is  not  very  close  to  solution.  In  the  social 
phenomena  the  picture  Is  complicated,  since  they  are  all  expressed 
directly  by  conscious  human  activity.  It  is  true,  in  the  description 
of  some  processes  (for  example,  the  growth  of  a  population)  this 
direct  expression  proves  to  be  more  or  less  distant,  but  most 
frequently,  in  particular  In  vhe  sphere  of  armed  struggle,  this  is 
not  so.  Consciousness  is  not  a  simple  reflex  mechanism;  the  reaction 
of  each  man  to  change  in  extern?*!  conditions  proves  to  be  unique, 
depending  on  his  outlook.  Therefore  the  classics  of  Marxism  indicated 
the  nature  of  the  laws  of  social  life,  proves  to  be  exclusively 
complex;  these  laws  open  a  path  through  the  chaos  of  randomness, 
coming  forward  only  as  a  ruling  tendency;  these  laws  "by  no  means  are 
iron,  but,  on  the  contrary,  are  very  elastic  ... 


*K.  Marx  and  P.  Engels.  Col.  Vol.  19,  page  3. 
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Social  phenomena,  where  the  role  of  conscious  human  activity 
is  relatively  small,  can  be  attributed  to  the  category  of  self¬ 
regulating,  however,  the  majority  of  processes  in  society  are 
perceptively  ordered  by  means  of  active  human  activity.  Here  is 
what  0.  A.  Fedorov  wrote  about  armed  struggle:  "To  which  type  of 
processes  does  armed  struggle  refer:  to  regulated  or  chaotic?  To 
both.  An  armed  struggle  represents  processes,  constantly  being 
regulated  by  more  general  laws,  by  military  organisation,  its 
system,  and  also  by  means  of  the  leading  and  organizational  activity 
of  command  personnel,  beginning  with  the  younger  commanders  and 
ending  with  the  supreme  high  command.1  At  the  same  time  each  of  the 
fighting  sides  strives  by  its  strikes  on  enemy  troops  to  disrupt 
the  regularity  of  their  actions,  to  disorganize  them,  to  introduce 
chaos  in  them,  which  generates  a  multiple  and  various  randomness  in 
the  course  of  armed  struggle.  [Translator's  Note:  End  of  quotation 
not  indicated.] 


'Marxism-Leninism  on  war  and  the  army.  5th  Edition.  Vcyenlzdat, 
1968,  page  359. 
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The  phenomena  or  armed  struggle  Include  those  which  are  most  complex 
for  a  mathematical  description,  which  namely  explains  the  fact  that 
mathematical  equipment,  suitable  for  a  description  of  simpler  phenom¬ 
ena,  is  still  not  always  applicable  in  this  area. 

‘Attempts  to  mathematically  express  the  basic  laws  of  war  have 
still  not  been  crowned  by  success.  One  of  the  difficulties  is  a 
'deficiency  of  statistical  material:  the  mathematical  description  of 
a  process  is  possible  only  in  the  case  when  there  is  a  definite, 
sufficient  for  expansion  of  the  law,  repetition,  which  allows  the 
observing  of  the  outcome  of  events  depending  on  being  varied  condi¬ 
tions  within  certain  limits.  Zn  this  case  it  is  important  that  the 
conditions  be  ohanged  under  such  limits  at  which  the  measure  would 
not  be  disrupted  and  a  qualitative  change,  excluding  the  possibility 
of  a  direct  quantitative  comparison,  does  not  take  place. 

According  to  the  data  of  the  Swiss  scientist  Jean-Jacque  Babelle 
over  the  last  5559  years  there  have  been  It,  513  minor  and  major  wars. 
.At  first  sight  this  phenomenon  is  so  mass,  that  the  statistical 
treatment  of  material  is  permissible.  However,  these  wars  occurred, 
in  various  periods  of  human  history,  during  different  social-economic 
formations,  an  unequal  level  of  development  of  economics,  science, 

.  technology,  and  military  art;  in  them  different  weapons  were  used  and 
the  wars  themselves  differed  essentially  in  their  scales  and  political 
goals.  All  this  led  to  serious  changes  in  action  of  the  objective 
regularities  of  movement  and  the  outcome  of  wars,  and,  consequently, 
to  important  changes  in  the  strategic  and  tactical  principles  of  the 
oonduot  of  war.  Therefore  the  attempts  at  a  direct  comparison  of 
the  quantitative  indices  which  characterize  the  wars  of  different 
periods  for  the  purpose  of  exposing  mathematically  exact  expression 
of  the  basic,  general  regularities  which  determine  the  course  and 
outoome  of  any  war,  with  the  contemporary  facilities  of  Invest igatior. 
prove  to  be  unsuccessful.  Such  a  comparison  turns  into  a  senseless 
operation  with  various  quantitative  values. 

In  the  history  of  military  art  there  were  no  periods  of  continu¬ 
ous  'stagnation,  but  some  characteristics  of  an  armed  struggle 
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sometimes  remained  almost  constant  over  a  number  of  centuries.  Thus, 
according  to  the  data  of  Professor  Major  Oeneral  of  the  Technical- 
Engineering  Service  a.  I.  Pokrovskiy,  for  2500  years  the  area  on 
which  battle  actions  were  deployed  Increased  by  no  more  than  10  times, 
but  the  density  of  combat  formations  during  the  same  period  decreased 
by  approximately  10  times.  As  we  see,  the  rate  of  change  in  these 
values  was  so  insignificant  that  in  many  cases  these  values  could  be 
assumed  constant  without  a  great  error.  At  the  end  of  the  past 
century  vehicles  for  combat  and  electrical  communication  for  control 
of  troops  were  introduced,  and  in  some  five-seven  decades  the  zone 
of  armed  struggle  increased  by  200  times,  but  density  fell  by  500 
times.  This  was  a  deep  qualitative  Jump,  which  led  to  the  radical 
change  in  all  quantitative  correlations.1 

Similar  Jumps  are  not  a  rarity  in  social  phenomena,  and  that  is 
why  N.  Wiener  assumed  that  humanitarian  sciences  are  a  poor  field  for 
new  mathematical  methods.  In  substantiating  this  opinion  he  wrote, 
"the  basic  values  having  an  influence  on  society...  are  determined 
by  extraordinarily  short  statistical  series....  For  jfflcient 
statistics  of  a  society  it  is  necessary  to  collect  data  for  a  pro¬ 
longed  period  of  time  under  essentially  constant  conditions.... 
Statistical  series  of  long  standing,  composed  under  very  variable 
conditions,  give  only  an  apparent,  a  false  accuracy."2 

In  all  validity  the  point  of  view  of  Wiener  in  this  case  is  too 
pessimistic.  The  difficulties,  of  course,  are  not  little,  but  in 
the  end  they  are  surmountable.  In  military  affairs  there  is  an  area 
where  already  with  the  help  of  e  contemporary  mathematical  apparatus 
it  is  possible  to  achieve  a  high  effect.  Thus  in  examining  the 
regularities  of  an  armed  struggle  on  an  operational-tactical  scale, 
it  is  possible  to  see  that  engagements  and  operations  possess  a 
sufficient  mass  nature  within  the  limits  of  one  and  the  sane  quali¬ 
tative  condition  of  armament,  battle  technology,  and  military  , 


‘See  0.  I.  Pokrovskiy.  Science  and  technology  in  contemporary 
war.  Voyenlzdat,  1959,  pages  9  and  10. 

*N.  Wiener.  Cybernetics...,  pages  40-41. 


68 


and  that  Is  why  the  application  of  quantitative  methods  in  general, 
and  methods  of  mathematical  statistics  in  particular,  here  actually 
proves  to  be  fruitful.  Evidence  of  this  are  the  serious  successes  of 
the  practioal  application  of  the  theory  of  investigation  of  opera¬ 
tions  . 1 

The  mathematical  investigation  of  battle  actions  in  the  period 
of  the  Second  World  War  bsgan  in  air  defense  [PVO],  aviation,  and 
fleet  not  only  because  this  was  necessary.  Such  a  need  existed  in 
all  the  arms.  Air  defense,  aviation,  and  the  fleet  became  the  object 
of  such  investigations  earlier  than  the  ground  forces  because  their 
actions  in  a  tactical  respect  were  simpler,  more  alike,  and  more 
monotonic  than  combined-arms  combat,  in  connection  with  which  the 
conditions  of  armed  struggle  here  prove  to  be  sufficiently  stationary 
for  the  quantitative  comparison  of  a  large  number  of  single-quality 
events.  Conversely,  the  large  variety  of  conditions,  and  also  the 
difficulties  of  input  of  data  into  an  automated  system  for  the 
processing  of  the  information,  connected  with  the  low  radar  and 
television  contrast  of  ground  troops,  essentially  hamper  mathematical 
investigations  and  the  automation  of  control  of  combined-arms  combat. 

An  analogous  picture  is  obsorved  in  economic  investigations. 
Considerably  lighter  concepts  and  methods  of  mathematics  are  intro¬ 
duced  into  concrete  economic  investigations,  moreover  predominantly 
■  there  where  the  "tactics”  are  relatively  simple,  and,  conversely, 
they  enter  with  great  difficulty  into  the  custom  investigators  who 
are  occupied  in  an  analysis  of  the  complex  and  sufficiently  general 
problems  of  political  economics. 

In  this  way  the  basic  factor  whioh  defines  the  level  of  devel¬ 
opment  of  mathematics,  with  the  achievement  of  which  becomes  possible 
ita  introduction  into  various  branches  of  military  science,  as  we 
.  see  is  the  complexity  of  the  objects  of  Investigation  themselves. 


>3ee  P.  Mors  and  D.  Klmbell.  The  methods  of  investigation  of 
operations;  Ye.  S.  Venttsel'.  Introduction  into  the  investigation 
of  operations.  Pub.  House  "Sovetskoye  Radio,"  1964. 
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At  th«  same  time  it  is  necessary  that  science  itself  -  its  conceptual 
fund,  a  logical  structure  and  system  of  proofs  -  be  prepared  for  the 
perception  of  mathematical  methods,  and  the  scientists  who  work  in 
this  area  realise  the  need  of  mathematisation  and  prepare  themselves 
for  the  utilisation  of  new  methods. 

What  should  oe  the  mathematical  apparatus,  whioh  will  allow  with 
the  greatest  degree  of  approximation  to  reality  to  describe  the 
essential  aspects  of  armed  struggle?  Most  frequently  it  happens  that 
if  a  problem  allows  mathematical  formulation*  then  this  leads  to  one 
or  more  differential  equations.  Therefore  it  may  well  be  that  the 
dynamics  of  an  armed  struggle  be  expressed  by  a  system  of  such 
equations,  moreover,  most  likely  these  will  be  nonlinear  equations 
with  variable  coefficients. 

Another  possibility  exists  which  seems  more  probable.  The 
matter  is  that  for  the  mathematical  interpretation  of  new  scientific 
representations  frequently  a  new  apparatus  is  created:  the  laws  of 
Newton  required  a  differential  calculation*  for  operating  with  a 
time-spatial  contluum  -  a  tensor  calculation.  In  other  words,  a 
mathematical  apparatus  must  adequately  correspond  to  the  phenomenon 
being  reflected,  since  it  Itself  in  a  specific  sense  is  an  abstract 
model  of  the  described  communications  and  relations.  The  requirement 
for  basic  information  depends  on  the  quality  of  the  apparatus  and  its 
correspondence  to  the  nature  of  object:  the  better  the  apparatus 
reflects  practical  communications  the  more  economical  it  is.  However, 
the  reverse  is  also  correct :  the  methods  of  investigation  and  the 
apparatus  being  used  depend  considerably  on  the  completeness  of 
information.  Let  us  say  that  frequently  scientists  examine  the  process 
as  random  and  apply  the  theory  of  probabilities  simply  because  they 
still  do  not  know  its  determining  mechanism. 

The  break  of  social  sciences  was  the  stimulating  motive  for  the 
development  of  new  divisions  of  mathematics,  thanks  to  which  in  the 
last  decades  the  theory  of  the  investigation  of  operations,  the  theory 
of  games,  the  theory  of  the  queueing,  and  linear  and  dynamic  pro¬ 
gramming  appeared,  and  also  a  number  of  new  applications  of  the 
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traditional  divisions  of  mathematics.  Of  special  interest  is  the 
theory  of  games,  worked  out  for  the  solution  of  conflicting  situations 
in  economics  and  an  armed  struggle.  For  the  first  time  the  concept 
of  this  theory  was  advanced  by  John  Neuman  in  1928,  however  its 
systematic  account  was  published  by  him  only  in  194*1  in  the  book 
"The  Theory  of  Oames  and  Economic  Behavior,"  written  in  col' aboratlon 
with  a  known  economist  and  adviser  to  the  American  government  on 
questions  of  defense  Oscar  Morgenstern.  This  theory  was  immediately 
evaluated  by  the  scientific  community  as  one  of  the  most  important 
achievements  of  science  for  the  first  half  of  our  century.  The  theory 
of  games  received  wide  application  in  military  investigations,  and 
I.  A.  Poletayev  was  possibly  right  when  he  stated  that  "the  theory 
of  games  is  the  mathematical  basis  of  military  art.”1 

In  the  theory  of  games  it  is  postulated  that  the  opponent  is 
just  as  clever  as  we,  and  under  this  condition  a  search  is  made  for 
the  best  line  of  behavior  under  the  worst  conditions,  moreover  a  slip 
by  the  opponent  leads  to  an  Increase  in  our  prize.  In  its  scheme  this 
theory  is  applicable  there  where  the  Interests  of  individuals  or  of 
groups  of  people  collide.  Such  conflicts  arise  in  any  game,  but  on 
scales  which  are  worthy  of  investigation.  They  are  characteristic 
for  the  economic  life  of  an  antagonistic  society  and  for  war,  which 
also  is  the  creation  of  class  antagonisms. 

The  theory  of  games  does  rot  Investigate  armed  struggle  itself, 
but  a  game  which  is  equivalent  to  it  in  a  specific,  respect,  and  the 
rules  of  whluh  reflect  the  practical  laws  of  war.  Application  of  the 
theory  of  ganea  begins  when  a  matrix  is  composed  in  which  all  the 
strategies  of  the  "reds"  art  depicted  in  the  form  of  the  digits 
arranged  i  .  vertical  oolumns  and  the  strategy  of  the  "blues"  -  in 
horlsontal  lines.1  The  process  of  solving  the  game  includes  the 

*1.  A.  Poletayev.  Preface  to  the  book  by  J.  D.  Williams  "The 
Perfect  Strategist  or  a  Primer  on  the  Theory  of  Strategic  Oames." 

Pub.  House  "Sovetskoye  Radio,"  I960. 

*The  word  "strategy"  in  the  theory  of  games  is  used  somewhat 
differently  from  its  use  in  military  science.  Here  it  designates  a 
line  pf  behavior  or  a  selection;  sometimes  Instead  of  the  word 
"strategy"  it  is  possible  to  encounter  the  word  "alternative"  in  the 
literature. 


finding  of  the  optimum  strategy  which  ensures  the  maximum  gain  at  the 
moat  "clever"  behavior  of  the  opponent.  The  result  indicates  for 
which  greatest  gain  it  Is  possible  to  calculate  in  the  wcrst  situ¬ 
ation.  Solutions  of  this  type  are  actually  used  in  the  planning  of 
battle  actions.  For  example,  in  the  book  by  M.  Metloff  and  E.  Snell 
"Strategic  Planning  in  the  Coalition  War  of  1941-1942"  the  second 
part  is  called:  "Planning,  Taking  into  Account  the  Horst.”  Here  it 
is  said  that  in  1941  the  organs  of  strategic  planning  of  the  USA 
originated  from  a  calculation  that  hltlerlte  Germanium  will  gain  >1 
rapid  victory  on  the  European  continent  and  organize  an  Invasion  or 
the  USA.1 

However,  in  this  example  it  is  possible  to  note  a  shortcoming 
of  such  a  solution.  Under  the  practical  conditions  of  war  an  exclu¬ 
sive  calculation  for  the  worst  can  predetermine  such  an  arrangement 
of  forces  and  facilities,  which  will  not  allow  one  to  take  full 
advantage  of  an  error,  miscalculation,  or  failure  of  an  opponent  and 
in  the  end  will  lead  to  the  unjustified  expenditures  of  human  and 
material  resources.  The  calculation  by  the  USA  on  the  rapid  victory 
of  hltlerlte  Qermany  In  P-rope  was  the  result  of  an  incorrect  repre¬ 
sentation  of  the  p  ir  of  the  Soviet  Union.  Such  basic  positions  of 
strategic  planning  \  -e  one  of  the  reasons  for  the  low  effectiveness 
of  actions  of  the  US  Army  In  the  Second  World  War.  Optimum  strategy, 
giving  a  guaranteed  minimum  of  gain  in  the  case  of  the  unerring  play 
of  an  opponent,  la  not  the  best  against  each  of  the  strategics 
accessible  to  It. 

The  theory  of  games  is  generally  not  very  strong  in  the  solution 
of  problems  similar  to  those  described  above.  It  Is  effective  during 
the  investigation  of  mass  problems  of  a  tactical  scale,  in  the  course 
of  solution  of  which  additional  information  does  not  enter  or  cannot 
be  Immediately  calculated.  Then  they  apply  the  optimum  mixture  of 
strategies,  although  against  each  of  the  concrete  strater'rn  of  an 

'See  M.  Metloff  and  E.  Snell.  Strategic  plcrnlng  in  the  Coali¬ 
tion  War  of  1941-1942.  Pub.  House  for  foreign  literature,  1955. 
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opponent  it  would  be  possible  to  apply  more  effective  measures  if  we 
had  the  appropriate  information. 

The  theory  of  games  is  internally  connected  with  the  theory  of 
information,  since  uncertainty  about  intentions  and  actions  of  an 
opponent  usually  is  an  eaaential  element  of  conflicting  altuatlona. 

•It  seems  to  us  therefore  that  military  cybernetics  in  the  future  will 
become  a  more  integral  science  than  now.  The  fact  that  with  the 
presence  of  supplemental  information  A I  about  the  strategy  being 
applied  by  the  opponent  it  is  possible  tc  achieve  an  Increase  in  gain 
by  An,  suggests  the  possibility  to  consider  the  value  of  military 
Information  on  the  scale  of  a  game  matrix.  Perhaps  here  a  certain 
possibility  will  be  discovered  by  the  quantitative  evaluation  of  the 
maneuverability  of  the  troops,  which  will  make  it  possible  to  approach 
'  the  solution  to  the  problem  of  the  optimum  organisation  of  control  of 
troops.  It  is  obvious  that  these  assumptions  must  be  verified. 

As  J.  Williams  writes,  the  theory  of  games  now  "is  a  healthy 
small  child  who  can  be  taken  away  by  plague  or  who  can  grow  and 
•occupy  an  Important  position  but  today  it  can  give  very  little.”1 
This  uncomplimentary  opinion  is  based  on  the  following  circumstances. 
In  the  first  place,  the  theory  of  games  now  gives  practically  accept' 
able  methods  of  solution  only  for  comparatively  simple  games.  More 
correctly  it  gives  a  prescription  even  for  the  solution  of  complex 
games,  but  to  solve  them,  according  tc  a  remark  by  Williams,  is  as 
simple  as  ''counting  by  one  up  to  a  million”:  at  every  stage  it  is 
known  what  the  following  step  must  be,  but  the  path  is  incredibly 
long.  Even  high-speed  computers  now  and  then  cannot  cope  with  the 
problem.  Apparently  one  of  the  main  problems  of  the  contemporary 
theory  of  games  is  the  working  out  of  simplifying  assumptions  and 
approximate  methods  of  solution.  In  the  second  place,  in  games  which 
possess  a  practical  significance  the  volume  of  information  is 
extremely  great,  which  in  a  specific  way  influences  the  complexity 


'J.  D.  Williams.  A  perfect  strategist,  or  a  primer  on  the  theory 
of  strategic  games.  Publ. House  "Sovetskoye  Radio,"  I960,  page  25. 
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of  the  rules  of  play.  Thirdly,  in  practical  situations  cases  wU-n 
the  gain  can  be  evaluated  by  any  one  variable  are  extremely  rare, 
and  in  the  contemporary  theory  of  g1  aes  such  a  requirement  is  com* 
pulsory.  Zt  begins  to  work  when  a  practical  situation  la  •jonvortea 
into  an  equivalent  game,  the  prises  of  which  are  evaluated  on  the 

scale. 

The  latter  observation  is  especially  important.  No  matter  how 
complex  the  finished  matrix  is,  sooner  or  later  mathematicians  will 
find  a  method  for  its  solution:  already  solutions  have  been  found 
for  some  types  of  endless  games,  simplified  methods  have  been  devel- 
oped  for  a  number  of  complex  cases,  etc.  But  the  main  difficulty  is 
covered  in  the  search  for  a  method  of  representation  of  practical 
battle  situation  which  is  rich  in  colors  and  shades  in  the  form  of 
a  diagram,  in  which  only  one  unique  parameter  remains  significant: 
winning.  For  this  one  must  be  able  to  correctly  formalise  this 
situation.  Interpret  the  laws  of  armed  struggle,  and  be  able  to  make 
up  a  sufficiently  accurate  mathematical  model  of  battle. 

Whether  the  solution  will  be  useful  or  turn  out  to  be  senseless 
depends  on  how  correctly  the  dimension  of  the  prise  is  selected.  In 
the  mentioned  book  by  J.  D.  Williams  such  a  problem  is  examined.  Two 
American  fliers  in  the  near  east  -  Joe  and  Bill  -  due  to  idleness 
decided  to  play  a  game:  they  place  into  the  cylinder  of  a  revolver 
one  cartridge  and  make  up  the  rules  of  play,  by  which  Joe  cither  ails 
into  the  initial  bank  two  packs  of  cigarettes,  or  only  one,  but  in 
this  case  he  spins  the  cylinder,  places  the  revolver  to  his  temple, 
and  squeezes  the  trigger.  If  he  lives  then  he  passes  the  revolver  to 
Bill,  who  does  the  same  thing.  This  problem  is  solved  by  all  the 
rules  of  the  theory  of  games,  its  solution  is  such:  the  most  advan¬ 
tageous  strategies  of  both  players  are  those  when  each  time  they 
place  the  revolver  to  their  templet  This  absurd  solution  is  obtained 
because  the  prize  was  evaluated  in  packs  of  cigarettes,  an-i  "** 
of  a  human  life  was  implied  as  equal  to  zero.1 


'See  J.  D.  Williams.  A  perfect  strategist...,  page  96. 
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The  theory  of  games  represents  a  millstone,  which  grinds  that 
which  Is  placed  under  it.  As  Williams  notes,  "the  process  of 
abstraction  and  simulation,  with  the  help  of  which  we  crossed  from 
the  practical  world  to  play  matrices,  can  require  the  intimate  know- 
ledge  of  the  essence  of  the  problems  being  studied,  more  extensive 
knowledge  in  the  field  of  mathematics,  more  than  resourcefulness....”1 

The  value  of  the  dimension  of  prizes  lies  beyond  the  theory  of 
games.  This  is  the  scope  of  the  theory  of  investigation  of  operations, 
where  this  procedure  is  called  the  determination  of  the ''criterion  of 
effectiveness.  As  A.  P.  Oorokhov  notes,  the  selection  of  the  cri¬ 
terion  of  effectiveness  is  "the  basis  and  beginning  of  the  investi¬ 
gation  of  operations.”1  Generally  speaking,  the  criterion  of  effec¬ 
tiveness  in  the  theory  of  investigation  of  operations  and  the  prize 
in  the  theory  of  games  are  not  at  all  one  and  the  same.  The  first 
has  an  autonomous  value,  since  with  its  help  it  is  possible  to  compare 
the  effectiveness  of  combat  technology  and  to  resolve  extreme  problems 
without  resorting  to  the  methods  of  the  theory  of  games.  However, 
one  cannot  apply  the  theory  of  games  without  it,  and  in  this  case  it 
.determines  the  dimension  of  the  prize.1 

P.  Mors  and  0.  Kimbell  give  an  example  of  the  determination  of 
the  effectiveness  of  various  defensive  facilities  of  English  cruisers 
based  on  the  results  of  their  utilization  in  the  Second  World  War. 

They  point  out  that  if  one  were  to  approach  the  calculation  of  sunk 
and  damaged  cruisers  superficially,  without  trying  to  grasp  the 
essence  of  the  matter,  then  it  would  seem  that  their  weakest  point 
was  antiaircraft  defense,  since  more  than  5Qt  of  all  damages  were 

lZbld,  page  97. 

*A.  P.  Oorokhov.  Preface  to  the  book  of  P.  Morz  and  D.  Ki.-.ocli 
"Methods  of  the  Investigation  of  Operations,"  page  11. 

*Sone  authors  consider  the  method  of  appraising  the  r at  effec¬ 
tiveness,  based  upon  the  determination  of  the  criterion  of  effective¬ 
ness  and  the  subsequent  finding  of  the  extremum  of  this  criterion, 
and  the  method  of  mathematical  simulation  are  in  principle  different 
methods.  With  abstract  reasoning  this  is  apparently  so.  but  in  this 
oase  they  coincide:  in  order  to  build  a  model-matrix  it  is  necessary 
to  find  the  criterion  of  effectiveness. 


75 


received  from  aerial  bombs.  But  the  matter  concerns  not  only  the 
extent,  but  aiso  the  type  of  damages  which  put  a  cruiser  out  of  action 
for  a  certain  time.  Therefore  when  in  the  capacity  of  vnc  urltwri vf. 
of  effectiveness  the  number  of  months  whicn  a  eruls*.r  I-  -.1 
action  was  applied  (sinking  is  equal  to  36  cruiser-months  -  the  time 
for  building  a  new  ship),  then  it  turned  out  that  the  weakest  point 
of  cruisers  was  the  armor  protection  of  the  underwater  portion  of  the 
hull,  as  a  result  of  which  total  losses  of  cruiser-months  from  turps  •  «. 
hits  were  one  and  a  half  times  greater  than  from  aerial  bombs. 

Having  determined  the  criterion,  expressing  the  essential  side 
of  a  process,  it  is  possible  to  make  direct  conclusions  for  the 
Improvement  of  the  combat  qualities  of  newly  constructed  ships.  But 
it  is  also  possible  to  resolve  a  problem  of  such  a  kind.  The  head* 
quarters  of  the  "red"  fleet  has  information,  that  the  "blues"  have 
two  (or  three,  five)  types  of  cruisers,  moreover  they  have  a  strong 
air  defense,  but  weak  armor  for  the  underwater  portion  of  the  hulls, 
the  others  vice  versa  (the  problem  can  be  complicated,  taken  into 
account  other  features  of  ships).  The  effectiveness  of  chelr  defen* 
slve  facilities,  calculated  by  cruiser-months,  is  known  to  the  "reds" 
from  the  processing  or  reconnaissance  information.  The  number  of  each 
type  of  cruiser  in  the  given  theatre  of  military  actions,  and, 
consequently,  the  probability  of  their  utilization  in  the  expected 
operation  is  also  known.  It  is  necessary  to  decide  what  the  "reds" 
should  send  against  the  "blues":  bombing  aviation  or  torpedo  boats, 
and  if  a  combination  of  them,  then  in  what  proportion  (all  the  forces 
cannot  be  thrown  against  the  cruisers:  the  headquarters  of  the  fleet 
has  other  assignments  and  must  achieve  maximum  effect  with  the  minimum 
Investment  of  forces  and  means).  This  is  the  assignment  of  the  theory 
of  games. 

Of  course  practical  assignments  are  more  complex.  For  cxvnple, 
in  the  course  of  the  solution  of  the  military-game  described  above 
situation  the  need  can  arise  for  a  temporary  change  of  ti.i  criterion 
of  effectiveness.  Frequently  in  combat  it  is  necessary,  at  least 
temporarily,  to  put  the  greatest  amount  of  comoat  units  vut  vi  action. 
In  this  case  a  bemb  strike  is  evidently  preferable.  Finally,  a  ship 
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carrying  nuclear  rockets  sometimes  has  to  be  destroyed  at  any  price. 
And  although  not  every  such  situation  can  be  really  calculated,  the 
skillful  utilization  of  mathematics  Mill  help  to  analyze  it  even  in 
these  complex  cases. 

In  conclusion  to  the  question  about  the  theory  of  games1  it  must 
be  noted  that  this  theory  also  has  an  important  philosophical- 
ideological  value.  Actually  the  theory  of  games  was  created  for  the 
analysis  of  conflicting  situations  between  people.  However,  it 
turned  out  to  be  suitable  to  Induce  a  struggle  between  inanimate 
automatic  units  and  even  to  solve  the  assignments  of  coping  with 
•radio  interference.  These  and  similar  facts  indicate  that  the  theory 
of  games  describes  a  broader  class  of  phenomena  than  was  initially 
thought,  and  in  all  appearances  is  an  attempt  to  reflect  in  a  mathe¬ 
matical  apparatus  a  structural  system  of  relations  which  originate 
from  the  basic  law  of  materialist  dialectics  —  the  law  of  unity  and 
the  struggle  of  oppositions. 

In  recent  years,  along  with  the  theory  of  games,  extensive 
distribution  has  been  gained  by  methods  of  linear  and  dynamic  pro¬ 
gramming,  the  theory  of  graphs  and  of  its  specific  variant  -  the 
system  of  line  planning  and  control  (SPU  or  PERT),  the  theory  of 
queueing,  and  a  number  of  other  theories  and  disciplines,  specially 
created  for  an  analysis  of  social  processes,  economics  and  armed 
struggle.  The  majority  of  the  new  divisions  of  mathematics  named 
here,  including  the  *..<eory  of  games,  are  combined  under  the  general 
name  -  finite  mathematics.1  From  a  methodological  point  of  view 
this  branch  of  mathematics  is  of  Interest  in  the  respect  that  it  is 


*The  reader  who  wishes  to  study  this  theory  should  turn  to  the 
following  books:  J.  HakXinsy.  Introduction  to  the  Theory  of  Games. 
Fizmatgiz,  I960;  R.  D.  Lewis  and  H.  Raifa.  Qamea  and  Solutions. 

Pub.  House  of  foreign  literature,  1961;  Ye.  S.  Venttsel'.  The 
Elements  of  the  Theory  of  Games.  Fizmatgiz,  1961. 

*See  J.  Kemeny,  J.  Snell,  J.  Thompson.  Introduction  to  Finite 
Mathematics. 
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as  if  a  return  to  pre-Newtonian  mathematics  on  a  qualitatively  new 
base.  It  does  not  resort  to  the  notion  of  infinite  set  because  It 
flnd!i  it  unacceptable  for  the  adequate  description  of  discrete  proc'.-ca 
and  systems*  characteristic  for  the  higher  forms  of  movement  of 
matter.  If  up  to  the  middle  of  our  century  the  predominant  position 
in  mathematics  was  occupied  by  the  study  of  "smooth"  functions  of  a 
continuously  changing  argument*  extremely  widespread  in  physics  and 
technology*  then  now  the  situation  is  changed.  Economics,  phychciogy, 
medicine*  and  military  affairs  required  "finite"  mathematics*1  which 
was  able  to  be  developed  because  it  leaned  on  the  rapid  perfection 
of  digital  computers*  which  are  the  weapons  of  "mathematical  expc^lon" 
in  the  area  social  sciences.* 


An  important  event  in  the  development  of  mathematics  was  the 
spreading  of  the  concept  the*  in  addition  to  solutions  in  the  form  of 
mathemrtical  formulas  solute  ns  exist  in  the  form  of  algorithms.  An 
algorithm  is  a  procedure,  partitioned  into  discrete  elementary  steps* 
which  prescribes  a  completely  single-valued  path  from  varied  condi¬ 
tions  of  an  assignment  to  a  result.  An  assignment  is  considered 
solved,  if  a  noninfinite  sequence  of  operations  which  leads  to  a  goal 
is  indicated.  It  is  Important  to  note  that  an  algorithm  does  not 
solve  a  concrete  single  assignment*  but  a  whole  type  or  class  of 
assignments.  This  is  the  method  of  solving  a  mass  problem. 1  An 


‘The  name  "finite"  in  no  way  means  that  it  can  solve  assignments 
only  of  finite  or  limited  complexity.  The  "infinite"  complexity  of 
social  relations  is  not  an  impediment  for  the  utilization  of  this 
apparatus.  For  the  dialectics  of  infinite  and  very  large*  but  finite 
see  A.  N.  Kolmogorov.  Automatic  machines  and  life.  Collection 
"What  is  possible  and  impossible  in  cybernetics,"  pages  19-23. 

Wiener  writes  the  Claude  Shannon  became  "one  of  the  greatest 
scientists  of  our  century"  namely  because  of  a  tendency  "toward 
assignments  about  equipment  of  type  "yes"  and  "no,"  such  as  the  usual 
switches*  which  he  evidently  preferred  over  questions  about  the 
continuously  changing  values  of  the  type  of  force  of  current  running 
on  a  conductor"  (B  -  a  mathematician*  page  17*0. 

‘See  8.  A.  Trakhtenbrot .  Algorithms  and  machine  solving  of 
problems.  Fizmatglz*  I960*  page  90. 
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example  of  an  algorithm  can  be  any  mathematical  formula,  but  not 
every  algorithm  can  be  represented  by  a  formula.  For  example,  the 
grammatical  and  syntactic  analysis  of  sentences  can  be  expressed, 
not  by  a  formula,  but  by  an  algorithm,  which  is  represented  in  the 
form  of  protocol  recording,  tables.,  a  matrix,  or  a  specific  chart, 
called  an  algorithmic  tree.  The  theory  of  algorithms  extended  the 
possibility  of  exact  solutions  not  only  for  assignments  having  numer¬ 
ical  solutions,  but  also  for  such  problems,  which  it  is  accepted  to 
call  logical.  Namely  such  are  the  many  problems  being  solved  by  a 
commander  and  his  staff  in  the  process  of  controlling  troops,  it  is 
Important  that  the  investigation  of  algorithms,  with  the  helty  of  which 
operational-tactical  assignments  are  solved,  opens  the  possibility  of 
the  automation  of  their  solution.  The  program  of  a  computer  is  a 
machine  algorithm,  i.e.,  an  algorithm,  expressed  in  the  cerms  of  the 
elementary  operations  of  a  machine  and  made  up  in  the  language  of  a 
machine. 

During  the  discussion  of  the  question  of  possibilities  of 
mxthematlzatlon  of  military  science  and  the  application  of  computers 
fiequently  references  are  made  to  the  existence  of  algorithmically 
unsolvable  problems.  Really  the  problem  of  algorithmic  unsolvabillty 
is  one  of  the  fundamental  problems  of  contemporary  mathematics.  In 
the  works  of  K.  Oedel,  A.  Turing,  N.  S.  Novikov,' and  others  it  has 
been  proven  that  specific  classes  of  problems  exl3t,  for  which  it  is 
impossible  to  obtain  a  general  algorithm  of  solution.1  However,  in 


*For  example,  A.  •  herch  in  1936  proved  that  the  problem  of  the 
recognition  of  duduci.  <llty  was  algorithmically  unsolvable:  an 
algorithm  does  not  exlit,  with  the  help  of  which  it  would  be  possible 
to  establish  accurately  if  a  deductive  chain  exists  which  leads  from 
any  formula  R  to  formula  S.  In  1946-1947  S.  Post  and  A.  A.  Markov 
constructed  concrete  examples  of  associative  calculations,  for  each 
of  which  the  problem  of  equivalence  of  words  is  algorithmically 
unsolvable.  Subsequently  on  the  basis  of  this  result  A.  A.  Markov 
established  the  impossibility  of  recognition  of  algorithms  for  a 
broad  class  of  features  of  associative  calculations.  I:.  Irj'j  U.  S. 
Novikov  proved  the  algorithmic  unsolvabillty  of  the  problem  of  the 
identity  of  groups.  For  this  work  in  1957  ha  was  awarded  the  Lenin 
prize.  For  more  detail  see  9.  A.  Trakhter.brct .  Algorithms  *.r» d  the 
machine  solution  of  problems.  Sections  12,  13  and  Conclusion. 
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reality  this  la  not  a  restriction.  In  the  first  place,  limitation 
refers  to  an  equal  degree  both  to  social  and  to  natural  sciences,  but 
the  letter  achieved  a  high  degree  of  matuenavlzaticn.  in  tr.c  s«.-cct»j 
place.  In  the  works  of  A.  Turing  It  Is  pointed  out  that  t:.e  Impossi¬ 
bility  of  obtaining  a  common  algorithm  for  a  whole  class  of  problems 
does  not  at  all  mean  the  Impossibility  of  obtaining  particular  solu¬ 
tions  for  each  of  the  problems  Included  In  this  class.'  The  main 
thing  here  Is  that  the  works  of  K.  Gudel,  A.  Turing,  and  N.  Novikov 
are  constructed  on  the  current  mathematical  apparatus  and  give  solu¬ 
tions  for  It.  Meanwhile  problems  which  are  not  solvable  It:  wne 
apparatus  turn  out  to  be  solvable  In  a  more  powerful  one.  It  Is 
possible  that  humanity  will  create  an  Improved  mathematical  and 
logical  apparatus,  In  which  these  classes  of  problems  will  find  their 
resolution. 


The  weakness  of  the  present  logic-mathematical  apparatus  Is 
determined  by  many  reasons.  As  Is  known,  the  theory  cf  algorithms  Is 
created  on  the  basis  of  mathematical  logic,  all  the  systems  of  which 
(with  the  exception  of  Boolean  algebra)  are  constructed  by  the  axlo- 
metrlc  method.  The  very  methods  of  construction  of  the  systems  ol‘ 
axioms  -  extraction,  abstraction,  directed  selection  or  these  axioms 
from  practical  bonds  and  relationships  of  the  materia'  world  -  have 


'General  solutions  -  In  general  are  a  luxury.  They  can  be 
obtained  rather  rarely.  For  example,  an  algebraic  equation  of  the  type 

. . .  m.-o 

does  not  have  a  general  solution.  Moreover,  it  has  been  proven  that 
the  roots  of  a  general  equation  of  a  degree  above  the  tth  cannot  be 
expressed  through  letter  coefficients  with  the  help  of  a  finite  number 
of  additions,  subtractions,  multiplications,  divisions,  raising  to 
powers,  and  taking  roots.  There  la  no  general  solution  even  for 
equations  with  real  coefficients.  But  for  particular  and  special 
cases  such  solutions  exist,  and  the  methods  of  exact  or  approximate 
solution  are  developed  well.  General  solutions  have  been  obtained 
for  equations  of  the  1st,  2nd,  3rd,  and  4th  degree,  and  artificial 
methods  have  been  developed  for  the  solution  of  certain  •  r  • 

of  equations  with  numerical  coefficient,  n.er,  fvi  ..  .  . 

possible  to  find  either  an  exact  or  an  approximate  solution  with  any 
degree  of  accuracy. 
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been  developed  and  founded  unsatisfactorily.  In  essence,  here 
everything  Is  based  on  Intuition  *.nd  the  method  of  "trial  and  error." 

Furthermore,  mathematical  logic  is  built  on  the  basis  of  Hilbert 
flnltlsm,  r  theory  which  prohibits  the  use  of  the  concept  of  actual 
infinity  a*  an  insufficiently  logically  based  and  limits  the  basic 
premises  to  the  concept  of  potential  infinity.  On  a  specific,  and 
namely  —  present-day  stage  of  development  of  finite  mathematics 
Hilbert  finitism  is  a  necessary  and  fruitful  concept.  However,  the 
utilisation  of  the  concept  of  actual  infinity  in  other  divisions  of 
mathematics,  for  example  in  differential  calculation,  still  never  led 
science  to  a  contradiction  with  a  practical  reality.  It  is  com¬ 
pletely  probable,  that  the  solution  of  these  and  a  number  of  other 
problems  will  move  mathematics  forward  and  will  make  it  possible  to 
create  an  adequate  mathematical  model  of  armed  struggle,  considering 
its  actual  many-sidedness. * 

For  progress  in  the  area  of  mathematisation  of  military  science 
there  is  great  significance  in  the  development  of  computational 
mathematics  and  high-speed  computers.  Their  development  turns  many 
abstract  possibilities  of  military  science  into  realy  attainable. 
Sometimes  it  happens  that  the  principle  of  solution  of  one  or  another 
sociological,  military-economic,  strategic,  or  operational-tactical 
problem  is  known,  but  the  calculations,  logical  constructions  are  so 
bulky  that  they  cannot  be  fulfilled  in  some  reasonably  planned  time. 
Earlier  this  had  the  result  that  investigators  were  forced  to  be 
limited  to  rough  approximate  results  or  to  a  qualitative  appraisal  of 
the  basic  tendency.  Now  the  boundary  of  what  is  really  possible  has 
become  wider.  Mathematical  and  electronic  simulation  now  and  then 
proves  to  be  a  productive  method  for  the  solution  of  problems  even  in 
the  absence  of  a  general  theory.  Sometimes  empirical  selection  with 
the  help  of  a  computer  solves  a  problem  more  rapidly  than  its 
logical  basis. 

‘For  more  detail  about  Hilbert  flnltlsm  see  N.  S.  Novikov.  The 
elements  of  mathematical  logic.  Fizmatgiz,  1959,  Introduction.  For 
concepts  of  actual  and  potential  infinity  see  the  Philosophical 
Encyclopedia,  Vel.  1. 


81 


Now  it  is  difficult  to  say  with  reliability  on  which  paths  the 
greatest  success  will  be  achieved  in  the  mathematlzatlon  of  military 
science,  however,  It  is  Important  to  understand  that  this  process  is 
the  objective  tendency  of  its  development,  and  the  capabilities  of 
mathematics  are  far  from  being  exhausted: .  neither  the  nature  of  the 
objects  of  investigation  nor  the  nature  of  mathematics  prevents  this. 

The  mathematical  description  of  the  regularities  of  an  armed 
struggle  is  a  complex  matter.  Zt  is  highly  Improbable  that  any 
general  suithematical  theory,  suitable  for  this  goal,  will  emerge 
immediately  and  wholly.  Most  likely  it  will  grow,  gradually  accumu¬ 
lating  new  methods.  Therefore  it  is  necessary  to  display  the  maximum 
attention  and  on  no  account  allow  arrogant  neglect  of  particular, 
simplified,  and  approximate  solutions,  which  now  and  then  may  be  far 
from  practice  and  sometimes  trivial.  Along  with  development  these 
approximate  solutions  will  become  practically  useful,  they  will  serve 
as  construction  scaffolding,  from  which  the  building  of  the  general 
theory  will  rise. 

The  possibilities  of  mathematical  description  and  the  logical 
formalisation  of  the  regularities  of  an  armed  struggle  prove  to  be 
very  dialectic.  At  each  given  step  of  development  of  mathematics  and 
the  theory  of  military  art  far  from  every  process  can  be  formalised. 
This  will  not  allow  mathematics  at  any  moment  to  become  the  unique 
method  of  military  science.  But  at  the  same  time  no  boundaries  exist, 
further  than  which  the  mathematization  of  military  science  cannot  go. 
Just  as  in  nature  in  principle  there  are  not  incognizable  "things  in 
themselves,"  so  also  in  principle  nonformallzable  bonds,  relations, 
and  features  do  not  exist,  but  only  those  which  still  have  not  been 
formalized.  According  to  the  attestation  of  Paul  Lafargue,  K.  Marx 
considered,  that  "science  will  reach  perfection  only  when  it  manages 
to  use  mathematics."1 


Recollections  about  Marx  and  Engels.  Oospolltlzdat,  1956, 
page  66. 
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The  area  of  possible  logic-mathematical  formalization  of  the 
applicability  of  cybernetic  devices  is  continuously  expanding. 

Because  of  the  nature  of  a  machine  program  as  the  formalized  result 
of  human  thought  this  sphere  will  always  be  less  than  the  sphere  of 
human  activity  on  that  part,  in  Which  people  still  did  not  reveal  the 
quantitative  characteristics  of  phenomena  and  processes.  But  in  this 
case  the  sphere  of  human  activity  is  not  constant,  with  every  year 
it  is  expanded.  The  deeper  the  regularities  of  armed  struggle  are 
learned,  the  more  unformal  problems  will  be  placed  before  a  commander. 


He  will  cite  the  brief  results  of  an  examination  of  a  problem 
of  logio-mathematlcal  description  of  the  processes  of  an  armed 
struggle. 

The  clearly  expressed  technical  nature  of  revolutionary  trans¬ 
formations  in  military  affairs,  and  the  need  for  optimization  and 
automation  of  control  of  the  troops  and  weapons  made  necessary  the 
development  and  introduction  of  mathematical  methods  of  investigation 
of  the  processes  of  an  armed  struggle.  In  this  case  the  tendency 
for  the  mathematlzatlen  of  military  science  is  organically  merged 
with  universal  directivity  for  mathematization  of  contemporary 
science . 

e 

In  evaluating  the  outlook  of  introduction  of  mathematical 
methods  into  the  theory  of  military  art,  one  ought  to  originate  from 
the  fact  that  in  the  entire  complexity  of  processes  of  armed  struggle 
in  their  nature  there  is  nothing  which  would  Indicate  the  impossi¬ 
bility  of  their  thorough  and  comprehensive  quantitative  investigation. 
In  the  future  they  may  be  described  by  a  strict  mathematical  or 
logical  apparatus  with  any  degree  of  approximation  to  reality. 

*  Contemporary  mathematical  and  logical  apparatus  already  possesses 
the  capability  to  reflect  rather  fully  the  processes  of  an  armed 
struggle.  And  although  this  apparatus  is  far  from  being  omnipotent, 
the  progress  of  mathematics  and  logic,  especially  those  of  their 
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branches  which  are  developed  under  the  direct  influence  of  the 
Interrogation  of  social  sciences,  makes  it  possible  to  draw  the 
conclusion,  that  in  the  future  the  role  of  mathematical  methods  in 
military  science  will  Increase.  Without  pretending  to  be  a  unljue 
method  fo  the  theory  military  art,  mathematics  in  time  will  become 
one  of  the  important  methods  of  military-scientific  investigations 
and  the  practical  solution  of  operational-tactical  and  other  military 
problems. 

•  •  • 

2.  The  Role  of  Cybernetics  in  the  Development  of 
Military-Technical  'Sciences  and  the 
Perfection  of  Armament* 

The  role  of  science  in  the  development  of  a  military  affair  is 
growing  rapidly.  In  recent  years  military  specialists,  during  the 
analysis  of  the  relationship  of  the  military  power  of  governments, 
started  to  consider  their  scientific  potential  separately.  Cyber¬ 
netics  enters  into  a  number  of  sciences,  on  which  the  military- 
scientific  potential  of  a  country  depends  primarily.  It  is  obvious 
that  not  one  theory  or  scientific  discipline  can  be  developed  without 
testing  the  Influence  of  all  the  other  sciences,  production,  and 
military  affairs.  However,  remembering  this,  it  is  possible  to 
conditionally  isolate  and  examine  in  particular  the  Influence  of 
cybernetics  on  military-technical  sciences,  the  theory  and  practice 
of  development  of  new  models  of  armament,  and  the  solution  of 
strategic  and  military-transport  problems. 

Cybernetics  exerts  its  Influence  on  other  military-technical 
sciences  and  the  practice  of  development  of  armament  in  two  ways: 
in  the  first  place,  by  pressure  with  its  basic  concepts  on  the 
methodological  approach  of  engineers  and  designers  to  the  compre¬ 
hension  and  solution  of  assigned  tasks;  in  the  second  place  by  the 
direct  utilisation  of  its  concrete  methods  and  means  in  the  given 
investigation  or  project. 

The  influence  of  cybernetics  on  this  or  that  military-technical 
science  does  not  always  begin  with  the  utilization  of  the  method  of 

*  Soot Ion  2  of  Chapter  IV,  Putt  212-773  of  tho  original  daour.nt  wor*  not  translated. 
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"black  box,"  an  algorithmic  language,  or  electronic  models.  It  can 
happen  that  either  the  given  branch  of  science  Itself  still  is  not 
ready  for  the  application  of  methods  and  meant  of  cybernetics,  or 
cybernetics  does  not  have  the  necessary  mathematical  apparatus  and 
appropriate  electronic  technology.  Therefore  initially  a  certain 
"ideological"  Influence  appears,  when  forms,  drawn  upon  from  cyber¬ 
netics  and  not  cast  into  a  concrete  method,  are  crossed  with  the 
concepts  of  given  science,  are  transported  to  its  soil. 

Several  systems  exist,  the  nature. of  interdependences  in  which 
have  still  only  been  investigated  qualitatively,  and  about  their 
structures  It  is  known  only  that  these  are  systems  of  complex  dynamism 
which  encompass  feedback.  That  is,  these  are  cybernetic  systems.  In 
that  case  one  cannot  apply  mathematlosl  methods  of  analysis  and 
synthesis  to  them  immediately.  Nevertheless  on  the  basis  of  the  most 
general  concepts  and  results  of  cybernetics  it  is  possible  to  sub- 
\  stantlate  probability  hypotheses  about  the  behavior  of  such  systems 
under  specific  disturbances,  and  to  reveal  determining  criteria, 
parameters,  and  scientifically  well-grounded  methods  of  investigation. 

For  example,  it  is  still  difficult  to  say  how,  on  the  contem¬ 
porary  ]evel  of  development  of  economic  and  military  science,  it 
would  be  possible  to  mathematically  analyze  and  construct  an  elec¬ 
tronic  model  of  the  mutual  Influence  of  the  scientific  and  industrial 
potentials  of  a  counf.y,  their  Joint  effect  on  the  quantity  and 
quality  of  combat  technology,  the  role  of  the  latter  in  the  change 
of  means  and  forms  of  armed  struggle,  the  reverse  lnfleunce  of  the 
changing  conditions  of  war  on  tactical-technical  requirements  for 
weapons,  and  finslly  the  effect  of  all  these  changes  on  the  trend  and 
tempo  of  development  of  Industry  and  science.  For  the  investigation 
of  this  system  cybernetic  can  still  only  offer  a  pattern  of  a  complex 
dynamic  system,  consisting  of  a  large  number  of  elements  connected 
in  principle  "with  each  other,"  a  system  which  at  the  same  time  is 
constantly  developing  and  striving  toward  self-equilibration. 

It  seems  in  this  case  that  cybernetics  does  not  glv*  much. 
However,  if  one  considers  that  scientists  accumulated  a  great  deal  of 
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experience  in  the  analysis  and  synthesis  of  systems,  although  simpler 
but  nevertheless  in  some  things  similar  to  the  given  one  (such,  for 
example,  as  Ashby 'b  nomeostat),  then  it  becomes  understandable- ,  that 
cybernetic  analogies  can  play  a  definite  heuristic  role  in  the  pre¬ 
diction  and  planning  of  the  behavior  of  systems  which  still  have  been 
studied  only  qualitatively.  The  experience  of  work  with  analogous 
systems  prompts  that  changes  in  any  of  their  elements  without  fall 
will  reflect  on  the  state  of  all  the  other  elements.  Moreover  sharp 
jumps  and  disturbance,  as  a  rule,  cause  prolonged,  sometimes  dangtroui 
transitional  processes,  and  an  attempt  to  improve  maximally  any  one 
of  the  parameters  of  a  system  can  lead  to  the  sharp  worsening  of  the 
others.  As  we  see,  even  without  giving  quantitative  appraisals,  a 
cybernetic  approach  can  facilitate  the  introduction  of  scientific 
methods  of  control,  forewarn  of  facts  of  subjectivism,  volitional 
improvisations,  and  prompt  solutions. 

Cybernetics  prompted  the  extremely  promising  concept  of  a  syste¬ 
matic  approach  to  the  solution  of  military-technical  and  strategic 
problems.  In  past  decades  design  offices  created  each  model  of 
arr.  ament  as  an  isolated  one,  not  connected  with  the  others.  With 
such  an  approach  the  problem  of  designers  was  reduced  to  the  improve¬ 
ment  of  a  given  model  without  considering  the  fact  that  it  would  oe 
entered  into  a  system  of  armaments,  into  a  combat  complex.  To  a 
specific  degree  this  approach  was  considered  valid,  since  the  systems 
of  armaments  which  were  applied  in  past  wars  were  less  Integral, 
single,  and  dynamic  than  now.  Therefore  frequently  the  features  of 
systems  proved  to  be  equal  to  the  sum  of  the  features  of  elements. 

As  concerns  organic  single,  nonconsolldated  systems,  characteristic 
for  the  contemporary  level  of  development  of  armament,  then  the 
previous  conviction  no  longer  corresponds  to  the  truth.  Cybernetic 
investigations  showed  that  an  organically  integral  system,  composed 
of  elements,  each  of  which  is  good  by  itself,  will  not  necessarily 
be  the  best  on  the  whole,  since  in  such  a  system  the  features  cf 
elements  are  not  added  up  arithmetically.  It  can  raise  and  emphasize 
the  advantages  of  this  or  that  element,  but  can  also  obscure  or 
reduce  them.  In  other  words,  when  the  given  type  of  combat  technology 
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is  considered  as  an  element  of  the  system  of  armament,  then  the  meaning 
of  the  concept  "beat"  is  changed:  a  given  type  is  connected  with  a 
specific  system  and  depends  on  its  features,  structure,  and  purpose. 

An  interceptor-fighter,  wonderfully  "fitting"  into  one  system 
of  guidance,  can  be  unsuitable  for  another.  Thus  with  a  radius  of 
action  of  a  system  of  500  km  there  is  no  need  to  require  that  the 
tactical  radius  of  fighter  aircraft  be  equal  to  3000  km.  Indeed  the 
Increase  in  the  radius  is  attained  at  a  dear  price  —  either  at  the 
expense  of  armament  and  speed,  or  of  maneuverability  and  rate  of 
climb.  This  means  a  nonusable  excess  of  range  is  not  simply  useless, 
but  is  harmful:  it  lowers  the  effectiveness  of  the  system  on  the 
whole.  In  the  given  example  it  is  rather  easy  to  avoid  error,  in 
more  complex  cases  it  is  necessary  that  a  systematic  approach  become 
a  methodological  principle. 

A  systematic  approach  is  necessary  not  only  during  the  determi¬ 
nation  of  tactical-technical  requirements  for  armament.  A  need  for 
it  also  appears  in  the  process  of  planning  of  programs  of  investi¬ 
gations,  designing  operations,  and  the  production  of  armament.  If 
some  elements  of  a  system  of  armament,  because  of  the  over-expenditure 
of  forces  and  of  means,  are  designed  and  made  ahead  of  schedule,  then 
this  will  not  accelerate,  as  it  may  scorn  from  the  beginning,  but  it 
will  impede  the  completion  of  the  whole  project. 

The  practical  embodiment  of  the  concept  of  a  systematic  approach 
to  the  development  of  battle  complexes  was  the  creation  of  the  method 
of  planning,  which  in  the  USSR  received  the  name  "System  of  Network 
Planning  and  Control"  (SPU),  arid  in  the  USA  -  "Program  Evaluation 
and  Review  Technique"  —  PERT.  This  method  replaces  the  usual  ribbon 
charts  by  network  charts  which  describe  each  of  the  processes  not 
apart,  but  systematically,  in  comparison  with  others.  The  SPU  makes 
it  possible  to  evaluate  what  sequence  of  processes  forms  a  so-called 
"critical  path"  and  limits  an  overall  reduction  of  periods.1  As  was 


'See  Basic  positions  on  the  development  and  utilization  of  the 
systems  of  network  planning  and  control.  Edited  by  V.  M.  01u3hkov. 
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reported  in  the  press,  this  nethod  was  used  in  the  USA  in  the  devel¬ 
opment  of  submarines  with  the  "Polaris"  missile.  According  to  the 
appraisal  of  American  specialists,  because  of  the  utilisation  of  the 
PERT  system  it  was  possible  in  three  years  to  solve  a  problem,  which 
in  the  case  of  conventional  control  and  planning  would  have  required 
no  less  than  five  years. 


In  the  USA  large  scientific-research  organisations  have  been 
created  which  are  engaged  in  the  investigation  of  systems  of  an 
armament  and  the  development  of  a  program  of  Investigations.  The 
appropriate  administrative  apparatus  was  also  formed  -  in  1966  in  the 
Department  of  Defense  (USA)  the  post  of  assistant  secretary  for  the 
analysis  of  systems  of  armament  was  introduced.  He  supervises  the 
scientific  establishments  which  prepare  the  data  for  the  adoption  of 
solutions  on  the  development  of  such  systems. 


As  considered  by  specialists  in  the  area  of  organization  of 
scientific  investigations  by  Industry,  the  SPU  method  is  the  greatest 
achievement  in  this  area  in  the  last  twenty  years.  In  this  case  it 
Is  very  Important,  that  the  network  chart  can  be  translated  into  an 
algorithmic  language  and  Introduced  into  a  computer,  which  in  this 
way  becomes  a  unique  "electronic  headquarters"  of  investigation. 

Along  with  the  realization  of  the  plan  data  are  put  into  the  computer, 
it  compares  them  with  the  initial  chart  and  works  out  the  correcting 
orders,  each  time  in  this  case  shortening  the  period  of  the  critical 
path  while  preserving  the  assigned  economy  of  the  whole  project. 


The  aforesaid  about  systematization  also  holds  true  for  the 
strategic  area.  In  the  case  of  an  equal  volume  of  industrial  produc¬ 
tion  of  two  government*  the  greater  strategic  potential  will  be  held 
by  the  one  which  ».ore  effectively  solved  the  problems  of  optimum 
relationship  of  prewar  reserves  and  current  production,  cooperation 


[FOOTNOTE  CONT'D  FROM  PRECEDING  PACE]. 

Publishing  House  "Ekonomlka,"  1965}  The  system  of  network  planning 
and  control  (the  programmed  introduction  into  PERT)  Publ.  House  "Mir," 
1965}  V.  S.  Kazakovtsev.  The  instrument  of  control.  Publ.  House 
"Sovetskoye  Radio,"  1965;  Robert  V.  Miller.  PERT  -  a  system  of  con¬ 
trol.  Translated  from  the  English.  Publ.  House  "Ekonomlka,"  1965. 
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and  Independence  of  enterprises*  geographical  placement,  and  dupli¬ 
cating.  On  this  will  depend  the  mobilization  readiness  and  the 
vitality  of  Industry  -  the  capacity  to  endure  the  blows  of  an  opponent 
without  a  noticeable  reduction  in  output. 

It  cannot  be  said  that  before  past  wars  no  one  thought  about 
this.  Each  of  the  enumerated  problems  found  a  more  or  less  satis¬ 
factory  resolution  in  the  strategic  programs  of  the  governments  and 
the  plans  of  the  general  staffs.  However,  in  practice  it  frequently 
turned  out  that  the  Joint  action  of  plans  either  did  not  have  an 
effect,  or  it  proved  to  be  much  less  than  expected.  After  the  Second 
World  War  it  became  clear  that  an  attempt  to  solve  each  of  the 
strategic  problems  as  an  Isolated  individual  does  not  lead  to  the 
development  of  a  balanced,  stable,  and  effective  strategic  system. 

Against  this  background  the  advantages  of  socialist  economics, 
the  law  of  development  of  which  is  regularity  and  proportionality, 
became  especially  apparent.  In  recent  years  the  measures  being 
conducted  by  the  Party  and  the  government,  directed  to  the  strength¬ 
ening  of  the  scientific  bases  of  supervision  of  industry,  the  deep 
economic  basis  of  planning,  and  the  investigation  of  the  objective 
laws  of  the  development  of  socialist  economics,  in  the  very  best 
manner  embody  the  concepts  of  a  systematic  approach  to  planning  and 
control  of  the  national  economy  and  have  an  Important  defense  value. 

It  would  be  an  error  to  consider  that  the  specialists  in 
military-technical  sciences  prior  to  the  appearance  of  cybernetics 
remained  in  complete  Ignorance  on  the  questions  of  control  of  systems 
for  military  aims.  Here  one  ought  to  mention  that  the  basic  cyber¬ 
netic  positions,  concepts,  and  conclusions,  which  possess  a  serious 
heuristic  value,  made  it  possible  for  military  engineers  to  think 
on  a  greater  scale  and  more  systematically  than  this  was  possible 
earlier.  The  cybernetic  approach  to  the  solution  of  one  or  another 
problem  came  forward  as  a  concrete  Interpretation  of  the  dialectic 
aiaterlallstlc  method,  which  requires  a  consideration  of  each  phenomenon 
in  all  the  diversity  of  its  connection  with  the  surrounding  world. 
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ar.d  a  consideration  of  the  nature  of  the  system,  its  prehistory,  and 
tendency  of  development. 


Today  military-aviation,  military-artillery,  and  naval  sciences, 
such  as  aerodynamics,  ballistics,  radio  navigation,  the  theory  of 
stability  of  a  ship,  and  many  others  have  sufficiently  developed  and 
logically  perfected  conceptual  apparatus,  a  solid  mathematical  base, 
and  also  a  high  degree  of  general  engineering  and  logic-mathematical 
preparation  of  scientific  workers  in  order  to  rapidly  convert  from 
qualitative  cybernetic  analogies  to  the  concrete  utilization  of  means 
and  methods  of  contemporary  cybernetics,  to  the  concrete  utilization 
of  the  theories  of  automatic  regulation,  discrete  automatic  units, 
information,  the  investigations  of  operations,  and  also  to  the  utili¬ 
zation  of  the  radio-electronic  means  for  the  processing  of  Informa¬ 
tion,  automatic  devices,  and  telemechanical  devices. 

It  is  difficult  to  point  out  any  type  of  contemporary  armament, 
where  electronic  engineering,  automation  and  telemechanics  arc  not 
applied.  Even  in  the  ground  forces  almost  all  types  ol'  weapons 
contain  radio-electronic  devices.  Thus,  contemporary  tanks  have  not 
only  automatic  devices  for  the  reloading  of  the  weapon,  but  also 
automatic  devices  which  preserve  the  position  of  the  gun  In  space, 
which  ensures  the  conduct  of  fire  on  the  move.  Tanks  are  provided 
with  electronic  devices  for  reconnaissance  and  fire  control,  and  also 
navigation  devices.  It  Is  simple  to  imagine  a  system  which  would 
make  it  possible  to  automatically  transmit  to  the  regimental  CP 
information  about  the  coordinates  of  moving  objects,  reserves  of 
ammunition  and  fuel,  and  even  about  the  condition  of  the  crew.  More¬ 
over  on  the  basis  contemporary  radio-electronics  theoretically  It  Is 
completely  conceivable  to  develop  a  sufficiently  effective  armored 
remote-controlled  vehicle. 

In  connection  with  the  development  of  cybernetics  the  boundaries 
of  the  investigation  of  ml*xtary-tcchnlcal  sciences  have  been  enlarge J 
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and  -previously  void  junctions  filled  up.  In  %his  respect  the  process 
of  the  development  of  such  a  discipline  as  the  dynamics  of  flight  la 
characteristic.  If  in  textbooks,  published  in  the  past  decade,  the 
problt-.n  of  control  of  an  aircraft  was  limited  only  to  the  examination 
of  the  characteristics  of  the  object  of  control,  l.e.,  the  aircraft 
itself,  then  In  new  training  aids  this  question  has  found  a  consid¬ 
erably  deeper  and  more  comprehensive  reflection,  since  now  the  system 
of  control  is  considered  as  Integral  ai.i  closed,  and  Including  not 
only  the  object  of  control,  but  also  the  controlling  system  -  tho 
pilot.  In  this  case  the  system  "aircraft-pilot"  is  described  by  a 
single  mathematical  apparatus,  creating  the  possibility  for  its 
analytical  investigation  and  optimization. 

The  development  of  cybernetics,  automation,  and  telemechanics 
led  to  the  revision  of  many  principles  of  the  solution  of  engineering 
problems.  One  of  such  changes  is  described  by  Academician  B.  Petrov: 
"The  mastering  of  space  is  characterized  by  the  fact  that  here, 
unlike  the  entire  preceding  history  of  the  activity  of  man"  the  first 
path  "is  broken  not  by  man  itself,  but  by  automatic  devices.  They 
conduct  the  first  reconnaissance,  they  investigate  and  "settle"  outer 
apace,  and  only  then  man  takes  his  turn."1 

This  is  a  very  interesting  symptom,  which  entails  new  changes  in 
views  of  the  "interrelation"  of  man  and  machine.  Still  very  recently 
in  the  literature  dealing  with  the  sociological  problems  of  the 
development  of  technology  there  were  indications  of  the  steady  rise 
in  the  number  of  emergencies,  traumatism,  and  catastrophes  in  produc¬ 
tion  and  transportion,  and  the  unconditional  conclusion  was  made, 
that  in  proportion  to  the  complication  of  technology  the  danger  of 
working  with  it  rises.  In  this  case  the  gloomiest  predictions  in 
respect  to  the  future  of  technical  progress  were  frequently  expressed. 
Of  course  the  increase  of  the  danger  of  technology  in  proportion  to 
its  development  actually  exists.  However,  it  is  opposed  by  another 
tendency,  connected  with  the  fact  that  the  development  of  tecnnulogy 


>NZzvestia,"  18  April  1968. 
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at  the  sane  time  makes  it  possible  to  Improve  Interlocking,  to 
Introduce  duplication,  and  to  increase  the  reliability  of  systems. 
Thus  the  realization  of  the  automatic  docking  of  spaceships  In  orbit 
can  be  considered  not  only  as  a  step  in  the  future  mastering  of  space 
by  man,  but  also  in  the  plane  of  Increasing  the  safety  of  space 
flights.  In  the  case  of  the  failure  of  devices  which  ensure  the 
return  of  a  spaceship  to  earth,  for  example  the  failure  of  braking 
engines,  a  rescue  ship  will  be  sent  out  which  will  converge  with  the 
troubled  ship,  dock  with  it,  take  its  crew  on  board,  and  return  to 
earth. 


At  each  stage  of  development  of  technology  and  in  any  concrete 
case  the  resulting  measure  of  danger  is  made  up  of  the  Joint  action 
of  both  the  above  named  tendencies.  In  this  case  the  danger  Increases 
sharply  when  engineers  and  Investigators  disregard  the  achievements 
of  automation  and  telemechanics.  As  reported  by  R.  Young  in  the  book 
"Brighter  Than  a  Thousand  Suns,"  in  atomic  laboratories  In  the  USA 
there  were  cases  when  the  critical  mass  of  a  uranium  bomb  was  deter¬ 
mined  by  man,  who  by  hand  guided  the  pieces  of  nuclear  fuel  and  held 
them  at  a  distance  from  one  another  with  the  help  of...  a  screwdriver. 
Some  scientists  received  a  lethal  dose  of  irradiation  ’r.  this  case. 

But  Indeed  at  that  time  automation  and  telemechanics  were  developed 
to  the  extent  that  such  a  problem  could  have  been  basically  solved 
without  the  direct  presence  of  man. 

If  In  the  early  stage  the  influence  of  cybernetics  sometimes 
caused  "a  children's  disease  of  overautomatization,"  then  its  more 
mature  influence,  on  the  contrary,  la  cured  of  this  enthusiasm.  For 
the  contemporary  state  of  military-technical  sciences  a  character¬ 
istic  is  the  fundamental  understanding  of  the  goals  and  assignments 
of  automation,  the  criteria  of  its  effectiveness,  and  the  true  rela¬ 
tionship  of  man  and  tect*  lology  in  an  armed  struggle.  On  this  basis 
a  trend  appears  to  make  better  use  of  '■•he  character! st  1  ?s  <T  -.sr 
a  link  in  the  system  of  control,  to  more  completely  revea*  tne 
specific  advantages  of  an  operator  over  present-day  automatic  devices. 
In  this  case  some  recommendations  of  human  engineering  and  its 
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adjacent  disciplines  have  an  Important  value  for  the  development  of 
correct  technical  politics  In  the  area  of  construction  of  combat 
technology. 

Let  us  take  for  an  example  this  problem:  what  is  the  maximally 
permissible  complexity  of  operations ,  executed  by  soldiers  in  the 
process  of  an  operation  and  the  combat  Application  of  armament?  It 
is  obvious  that  this  depends  on  a  number  of  reasons:  the  level  of 
literacy  of  the  soldiers  and  officers ,  their  training,  etc.  Among 
the  enumerated  factors  an  important  place  is  occupied  by  the  physical 
stress,  induced  by  the  degree  of  danger,  to  which  a  soldier  is  sub¬ 
jected  during  the  realisation  of  his  duties.  The  greater  the  danger, 
the  stronger  the  influence  of  nervous  stress:  it  causes  errors,  short 
duration  failures,  and  omissions.  As  a  rule  the  level  of  danger  in 
the  period  of  preparation  of  technology  for  battle  is  noticeably 
lower  than  in  battle  Itself.  Therefore  the  permissible  complexity 
of  an  operation  can  substantially  exceed  the  complexity  of  operations 
In  the  process  of  combat  application. 

For  nonautomated  combat  technology  a  characteristic  is  the  very 
insignificant  drop  in  complexities:  this  technology  is  simple  in 
operation,  but  then  in  combat  it  is  necessary  to  perform  a  mass  of 
difficult  operations.  Thus,  in  antiaircraft  artillery  prior  to  the 
introduction  of  automation,  before  firing  it  was  necessary  to  measure 
"by  hand"  the  distance  to  the  target,  its  course,  altitude,  speed, 
and  direction  and  velocity  of  the  wind;  with  the  help  of  nomograms, 
tables,  and  a  slide  rule  the  firing  data  was  processed,  by  voice  the 
command  was  given,  with  the  aid  of  handwheels  the  gun  was  laid  on  the 
assigned  angles,  etc.  In  this  case  one  individual  error  reduced  all 
the  efforts  to  nothing.  The  automation  of  battle  technology  creates 
the  possibility  to  expediently  redistribute  the  complexity  of  its 
operation  and  combat  application.  As  a  rule  the  servicing,  adjusting, 
and  regulation  of  automated  combat  technology  are  rather  complex. 
However,  this  substantially  simplifies  the  operations  being  performed 
in  combat. 
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Of  course  the  problem  of  complexity  of  a  weapon  and  combat 
technology  Is  not  only  Industrial-psychological.  Its  solution,  as 
was  already  stated,  is  influenced  by  a  mass  of  other  factors.  However, 
an  approach  from  the  point  of  view  of  the  optimum  matching  of  man 
and  technology  on  the  basis  of  the  reasoned  application  of  automatic 
devices  is  one  of  the  components  of  the  solution  to  this  problem. 

A  number  of  means  and  methods  of  cybernetics  have  found  appli¬ 
cation  in  those  branches  of  military-technical  sciences  which  are 
concerned  with  questions  of  the  organization  of  operation  and  repair 
of  combat  technology.  Judging  from  data  in  the  press,  in  the 
engineer-aviation  service  and  in  the  tank  troops  network  charts  for 
the  repair,  routine  work,  and  the  servicing  of  equipment  are  accepted. 
The  practical  application  of  methods  of  the  theory  of  queueing  guar¬ 
anteed  the  well-timed  withdrawal  of  equipment  for  repair,  it  liqui¬ 
dated  lines  and  idle  periods.  Data  processing  of  failures  and 
reclamations  with  the  help  of  a  computer  and  the  application  of  the 
theory  of  reliability  created  capability  to  rapidly  and  effectively 
Increase  the  operational  characteristics  of  armament.  . 

Finally,  the  new  approach  to  the  problems  of  logic  ana  the 
methodology  of  military-engineering  investigation  is  bound  by  its 
appearance  to  the  Influence  of  cybernetics  to  some  degree.  The  study 
of  information  processes  and  algorithms  in  technical  devices  aroused 
interest  in  the  analysis  of  the  regularities  of  the  processing  of 
information  in  the  head  of  the  scientist  himself  and  the  investigation 
of  algorithms  of  engineering  thinking.  A  stage  was  begun  when  the 
object  of  an  investigation  became  the  "technology"  of  scientific 
thought  Itself.  The  strict  scientific  analysis  of  this  problem 
convinces  us  that  the  majority,  of  the  cognitive  opcx*ations,  carried 
out  in  the  course  of  the  solution  of  standard  scientific  and  engi¬ 
neering  problems,  can  be  dismembered  Into  elementary  components, 
studied,  and  on  this  basis  optimized. 

It  is  characteristic  that  namely  a  cybernetic  approach  prompted 
the  concept,  by  following  which  the  specialists  in  dialectical, 


formal,  and  mathematical  logic,  possibly,  will  find  a  variant  for 
depicting  the  logic  of  science  on  the  whole,  and  not  its  separate 
fragments,  as  thi3  takes  place  now.  In  this  respect  the  hypothesis 
of  the  French  cybernetic  specialist  L.  Couffignal  is  interesting.  He 
proposed  to  build  an  original  thinking  model:  to  present  science  as 
a  complex  "machine,”  on  which  the  scientist  operates.  In  this  case 
the  logic  of  actions  of  an  "operator”  in  a  specific  way  will  reflect 
the  hidden  qualities  of  the  "machine." 

In  our  view,  the  problem  of  the  investigation  of  logic  and  the 
methodology  of  military-technical  sciences  is  one  of  the  important 
promising  problems  that  requires  the  combined  efforts  of  military 
philosophers,  logic  experts,  psychologists,  and  engineers. 

The  means  and  the  methods  of  cybernetics  find  application  not 
only  in  the  course  of  the  solution  of  theoretical  research  problems, 
.but  also  in  the  practical  development  of  new  models  of  armament  - 
in  the  planning  of  design  operations,  in  the  basis  of  tactical- 
technical  requirements,  the  calculations,  designing,  and  testing  of 
the  prototypes  of  weapons  and  combat  equipment. 

Until  recently  the  basic  method  of  r  .nning  was  the  so-called 
staged  planning  on  the  basis  of  conventional  (ribbon)  charts.  Such 
planning  is  unconditionally  necessary,  since  it  gives  a  clear  outlook 
of  the  work  for  a  year,  three  years,  or  the  entire  period  of  investi¬ 
gations.  But  together  with  this.  In  staged  planning,  if  it  is  not 
supplemented  with  continuous  planning,  there  are  also  shortcomings. 
They  include  the  fact  tnat  the  updating  of  the  plan  based  on  results 
achieved  is  done  only  on  the  conclusion  of  the  stage.  With  the 
.introduction  of  the  methods  of  network  planning  and  electronic 
computer  technology  the  capability  appeared,  along  with  staged 
planning  and  problems  originating  from  it,  to  conduct  continuous 
optimum  planning,  which  permits  the  timely  and  effective  use  of  one 
or  another  technical  plan.  The  contemporary  methods  of  the  planning 
of  Investigations  and  developments  make  it  possible  considerably 
earlier  than  before  to  note  a  disproportion  in  the  course  of  work  of 
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various  departments  of  NIX  [scientific  research  institute]  or  Kb 
[design  office]  and  in  proper  time  to  develop  the  correcting  orders 
for  the  redistribution  of  forces  and  means. 

An  important  stage  in  the  development  of  a  weapon  and  combat 
technology  is  the  determination  of  tactical-technical  requirements. 

Por  developing  them  it  is  necessary  to  consider  the  capabilities  of 
contemporary  science  and  technology,  and  a2so  the  "demand"  for  troop3 
in  new  systems  of  armament. 

In  order  to  formulate  a  technical  task  for  the  projecting  of  a 
new  model  of  a  weapon  it  is  necessary  to  conduct  complex  laborious 
investigations,  which  include  the  evaluation  of  the  reliability, 
vulnerability,  and  combat  effectiveness  of  existing  armament,  to 
expose  its  shortcomings,  and  to  evaluate  capabilities  allowing  for 
the  probable  opposition  of  the  enemy.  Up  until  the  Introduction  of 
mathematical  methods  of  Investigation  and  the  application  of  computers 
the  statistical  material  collected  in  many  instances  was  not  processed 
sufficiently,  as  a  result  of  which  the  deductions  and  conclusions 
were  sometimes  made  on  a  comparison  of  a  small  number  of  models  and 
on  the  results  of  separate  tests,  which  did  not  exclude  errors  and 
were  not  free  from  improvised  solutions. 

Inasmuch  as  combat  technology  is  developed  with  a  calculation 
on  the  future,  then  most  frequently  the  conditions  under  which  it 
will  be  applied  -  the  combat  complex,  where  it  will  be  introduced, 
and  also  the  armament  of  the  enemy  which  is  counteracting  this 
technology  -  actually  does  not  exist  yet.  Therefore  in  the  course  of 
development  of  tactical-technical  requirements  the  necessity  is 
appeared  for  a  mathematical  or  electronic  model  of  the  future  condi¬ 
tions  of  application  of  the  given  model  of  armament. 

No  less  a  role  can  also  be  played  by  tho  methods  -*v 

of  cybernetics  in  the  very  process  of  the  projecting  armament.  First 
of  all  the  automation  of  computational  works  creates  the  possibility 
for  a  reduction  in  the  number  of  evaluation  calculations.  It  is 

96 


i  i 


.  I  • 


I 


.widely  known,  that  engineers,  although  in  many  Instances  they  know 
the  mathematically  exact  dependences,  In  practice  are  forced  to  use 
evaluation,  frequently  empirically  selected  relationships.  Thus  radio 
engineers  during  the  calculation  of  electronic  equipment  and  antenna 
devices  use  formulas  which  give  a  deviation  from  true  value  by  20-40Z. 
This  Is  done  because  exact  formulas  are  too  bulky  and  now  and  then  It 
'is  simpler  "to  pull"  &  tested  sample  by  trial  and  error  of  parameters 
and  fine  adjustment  than  to  stick  to  endless  calculation* .  The  value 
of  computers  in  this  case  consists  of  reducing  to  the  minimum  the 
.evaluation  calculations  and  the  calculation  of  magnitudes  of  possible 
errors. 

At  the  same  time  the  automation  of  design  works  makes  It  possible 
in  many  oases  to  pass  on  to  optimum  projecting.  In  design  practice 
prior  to  the  introduction  of  the  computer  the  possibility  of  selection 
of  an  optimum  variant  most  frequently  existed  only  as  an  abstract 
possibility.  The  labor  input  of  calculations  usually  forced  a  limi¬ 
tation  of  comparison  to  two  or  three  and  a  maximum  of  five  variants. 
The  better  of  them  was  selected.  But  there  was  never  any  assurance 
that  the  best  of  all  possible  ones  was  among  these  five.  With  the 
introduction  of  the  computer  the  abstract  possibility  increasingly 
more  frequently  turns  into  practical,  since  the  development  of  a 
large  number  of  variants  of  calculation  and  their  comparison  based  on 
assigned  criteria  becomes  a  completely  practical  matter.  t 

•  • 

The  effect,  achieved  with  the  help  of  means  and  methods  of  i  f 
cybernetics,  of  the  acceleration  of  scientific  Investigations  and 
design  works  is  extremely  important.  Based  on  foreign  data,  the 
period  of  development  of  a  contemporary  aircraft  or  rocket  comprises  1 
from  4  to  10  years.  This  even  for  peacetime  is  too, long  a  period. 

And  meanwhile  it  is  possible  to  foresee  that  in  the  course  of  war  the 
v-need  will  arise  for  the  development  of  new  forms  of  weapons  and  the 
adoption  of  urgent  dountermeasures  against  the  new  combat  technique 
of  an  opponent.  The  wide  utilization  of  network  plarwlng  and  elfec- 

i  i 

tronlc  computer  technology  with  the  previously  worjted-out  programs 
for  projecting  standard  blocks  and  assemblies  will  make  it  possible, 

,  ,  1  i  i  ■  * 

directly  In  the  couree,  of  war,  to  rapidly  develop  project* ,  to  obtain 

*  .  ■  •  i 
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and  multiply  technical  documentation,  and  to  3tart  new  combat  equip¬ 
ment  Into  production. 

Computer  technology  made  It  possible  to  approach  the  planning 
of  armament  of  a  complexity  which  was  Inaccessible  earlier.  Today 
the  development  of  rockets,  aircraft,  and  the  computers  themselves  Is 
unthinkable  without  the  utilization  of  computers.  A  specific  role 
In  the  process  of  development  and  testing  of  new  models  of  a  weapon 
and  combat  technology  belongs  to  a  mathematical  and  electronic  simu¬ 
lation.  Electronic  models  make  It  possible  to  learn  very  much  about 
a  future  flying  apparatus  even  before  It  Is  formed  Into  metal  at 
plant  stocks.  On  an  electronic  model  It  Is  possible,  for  example,  to  * 
test  how  a  future  sea  vessel  will  handle  In  a  storm.  In  this  case  to 
control  an  electronic  "storm"  Is  rather  simple:  It  Is  possible  to 
change  amplitude,  periodicity,  and  the  direction  of  a  wave,  to  Imitate 
wind  gusts,  etc. 

As  we  see,  the  means  and  methods  of  cybernetics  have  already 
found  wide  application  in  the  practice  of  projecting  and  In  the 
development  of  weapons  and  combat  technology.  An  analysis  of  the 
tendencies  of  the  development  of  military-technical  sciences  shows 
that  in  the  future  these  methods  and  means  will  acquire  even  greater 
value. 


Ve  will  give  a  brief  summary  of  what  was  said  in  this  division. 

Cybernetics  Is  one  of  those  sciences,  on  the  development  of 
which  the  military-scientific  potential  of  a  country  depends  to  a 
considerable  degree.  It  is  of  invaluable  help  to  the  theory  and 
practice  of  development  of  the  models  of  armament  and  to  the  solution 
of  strategic  problems.  Cybernetics  manifests  its  influence  on  other 
military-technical  sciences  most  frequently  by  me«n.  ,  .... 

of  its  concepts  on  the  trend  and  the  order  of  thought  of  scientists 
or  by  means  of  the  direct  application  of  its  means  and  methods  in 
investigation  or  designing. 
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The  concepts  of  cybernetics  are  fruitful  even  in  those  cases 
when  the  systems  have  been  investigated  only  qualitatively  and  there 
is  still  no  possibility  to  pass  directly  to  the  application  of  mathe¬ 
matical  models  and  the  utilization  of  electronic  computer  technology. 
The  concepts  of  cybernetics  can  play  an  important  heuristic  role, 
prompt  hypotheses,  and  sometimes  to  forewarn  of  volitional  improvisa¬ 
tions,  and  facilitate  the  introduction  of  a  scientific  approach  to 
control  and  directing  of  the  development  of  armament. 

The  application  of  methods  and  means  of  cybernetics  makes  it 
possible  to  correctly  determine  technical  politics  in  the  area  of 
the  automation  of  weapons  and  combat  technology,  to  set  forth  the 
basic  tactical-technical  requirements,  to  substantially  shorten  the 
periods  of  investigations  and  development,  and  in  a  number  of  cases 
to  pass  to  the  optimum  projecting  and  improvement  of  "technology"  of 
engineering  thought. 


3.  The  Methodological  Questions  of  the  Application 
of  Cybernetics  In  the  Training  of  Troops 

In  connection  with  the  revolution  in  military  affair.-,  in  ‘he 
training  of  troops  and  in  the  work  of  military-training  lustlluliun. 
contradiction  has  arisen  between  the  ever  increasing  volume  of 
knowledge  and  the  periods  of  service  and  training.  The  problem  of 
increasing  the  effectiveness  of  education  and  training  of  soldiers 
received  serious  attention,  since  on  its  solution  the  increase  in 
the  combat  power  and  combat  readiness  of  the  Soviet  Army  and  Navy, 
the  rational  utilization  of  the  means  set  aside  by  the  state  for  ’.he 
defense  of  the  country,  and  also  the  expedient  utilization  of  human 
resources  depend  in  many  respects.  In  recent  years  for  the  solution 
to  this  problem  more  attention  is  being  gained  by  methods  of  pro¬ 
grammed  training,  cybernetic  teaching  machines,  and  network  charts 
for  the  planning  and  organization  of  the  training  process.  More 
frequently  in  the  course  of  military-educational  investigations  the 
cybernetic  method  is  applied. 

Work  on  programmed  training  and  utilization  of  learning  machines 
was  begun  in  our  country  In  the  year  of  1962  on  the  initiative  of 
the  Scientific  Council  on  Cybernetics  of  the  USSR  Academy  of  Sciences, 
Somewhat  later,  in  1964,  an  Intei’departmental  Cou-  on  Programmed 
Training  was  created.  It  is  characteristic  that  unlike  foreign 
Investigations,  where  work  on  programmed  training  Tlowed  exclusively 
in  the  channel  of  pedagogic  and  or  psychological  investigations.  In 
our  country  attempts  were  made  at  the  cybernetic  interpretation  of 
the  concepts  of  programmed  training,  which  in  conjunction  with  the 
deep  psychological-pedagogic  analysis  of  the  problem  produced  definite 
positive  results.' 

A  cybernetic  approach  to  the  problems  of  education  and  training 
begins  with  the  construction  of  a  model  of  this  process.  It  is  n*>t 


'See  Problematic  notes  on  the  work  of  the  Scientific  Council  >n 
the  complex  problem  of  "Cybernetics"  of  the  Academy  of  Sciences,  USSR 
for  1959-1967  ("Information  materials  of  the  Council,"  1967,  No.  11J, 
pages  179-133. 
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compulsory  that  this  model  be  materialized,  let  U3  say,  in  au  elec¬ 
tronic  circuit,  but  it  can  exist  only  in  the  capacity  of  a  logic- 
mathematical  description  of  a  process.  It  reflects  the  approach  to 
training  as  a  process  of  control  of  the  shaping  and  development  of 
the  psychic  features  of  the  person  being  instructed.  A  simplified 
variant  of  this  model  is  shown  in  Fig.  4.1.  Here  the  Instructor  and 
trainees  represent  the  links  in  the  systen  o*  control,  and  the 
process  of  education  and  training  -  the  cycle  of  transmission,  process¬ 
ing,  and  storing  of  semantic  and  emotional  information. 


U'turt 


• 

. 

• 

• 

Training 

• 

Audlanet 

program 

• 

Interrogation 

_ 1  ‘ 

Fig.  4.1. 


Such  an  approach  will  not  replace  all  the  remaining  methods  of 
investigation  of  education  and  training  process.  It  is  limited  from 
the  social,  psychological,  and  pedagogic  points  of  view  and  is  an 
abstract,  generalized  cone* ruction,  in  which  for  the  sake  of  clarifica¬ 
tion  of  the  most  significant  bonds  everything  special  and  specific, 
peculiar  to  each  concrete  association,  is  dropped. 

'  The  cybernetic  model  of  a  process  is  not  a  symbol  or  hieroglyph, 
but  a  sufficiently  accurate,  in  the  required  relation,  copy  of  a 
practical  process  which  makes  it  possible  to  use  the  general  laws  of 
control  revealed  by  cybernetics  for  the  finding  of  the  paths  of 
increasing  the  effectiveness  of  education  and  training. 

Let  us  examine  some  consequences  which  stem  from  the  analysis 
of  such  a  model.  The  capacity  of  any  controlling  device  to  guide  a 
process  is  determined  by  its  capability  to  process  and  transmit  the 
controlling  information.  Since  the  source  of  information  in  our 
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system  is  the  thinking  apparatus  of  the  instructor,  and  inasmuch  as 
language  is  the  "direct  reality  of  thought,"  then  with  a  certain 
error  (connected  with  a  disregard  of  emotional  information)  It  can 
be  considered  that  in  the  absence  of  such  auxiliary  means,  as  the 
class  board,  posters,  and  so  on,  the  carrying  capacity  of  vocal 
apparatus  of  the  instructor  and  its  rational  utilization  dete.-mine  the 
effectiveness  of  regulation  in  the  given  system. 

For  any  existing  human  language  a  specific  surplus  of  information 
is  inherent  which  ensures  the  interference-free  convenience  of  pro¬ 
nunciation.  However,  the  surplus  is  considerable,  and  besides  un¬ 
justified,  it  grows  because  of  the  poorness  of  lexical  reserve  and 
the  imperfection  of  grammatical  and  syntatic  forms.  It  has  been 
established  also  that  in  the  mastering  of  informations  a  large  role 
is  played  .by  vocal  emotional  Information,  contained  in  semantic 
stresses,  timbre  coloration,  the  peculiarities  of  modulation  of  the 
voice  of  the  Instructor,  etc. 

In  all  apparentness,  with  equal  scientific  qualification  of 
instructors,  namely  minimum  redundancy,  a  necessary  condition  of 
which  is  the  logical  order  of  presentation,  and  also  the  emotional 
saturation  speeches,  mainly  distinguish  the  language  of  a  good 
Instructor.  Hence  it  follows  that  in  the  interests  of  the  optimiza¬ 
tion  of  the  process  of  education  and  training  it  is  Important  to 
investigate  comprehensively  the  logical  structure  of  information  and 
to  find  the  special  methods  of  teaching  the  art  of  speech  in  the 
system  of  training  military-pedagogic  cadres,  commanders,  and  political 
workers  for  the  troops. 

The  quality  of  control  in  any  system  of  education  depends  also 
on  the  carrying  capacity  of  the  channel  of  communication,  with  the 
help  of  which  the  controlling  device  is  connected  with  the  object  cf 

control.  The  most  capacious  '•hannel  of  -—"•tirlc'!*-* . 

the  external  world  is  the  visual  channel.  Its  capacity  is  several 
dozen  times  greater  than  the  capacity  of  the  auditory  channel.  There¬ 
fore  already  several  centuries  ago  the  language  of  science  and 
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technology  was  the  drawing.  In  which  "the  transmitting  side"  accumulates 
information  ahead  of  time  In  order  to  transfer  it  along  the  most 
capacious  channel  belonging  to  the  "receiving  side."  In  this  case 
the  drawing  plays  the  part  of  a  certain  transformer,  the  matcher  of 
the  information  characteristics  of  the  transmitter  and  the  receiver, 
making  it  possible  to  substantially  shorten  the  time  for  the  trans¬ 
mission  of  information.1 

In  this  way,  a  cybernetic  model  of  the  education-training  process 
opens  a  reserve  for  increasing  its  effectiveness  -  the  possibility  of 
the  matching  of  the  information  characteristics  of  the  instructor  and 
the  audience  because  of  the  maximum  utilization  of  the  visual  channel 
of  the  latter  (see  information  matcher  "A"  in  Pig.  4.2).  The  practical 
realization  of  such  an  information  matcher  new  are  the  class  board, 
schematics,  posters,  models,  lantern-slides,  and  motion-pictures. 

Their  wide  general  utilization  can  and  should  play  a  substantial  role 
in  increasing  the  effectiveness  of  training.  However,  the  absence 
of  a  scientifically  proved  procedure  for  the  utilization  of  these 
means  sometimes  paralyses  the  expected  effect.  For  example,  the 
investigation  of  the  effectiveness  of  various  i..eans  for  the  utiliza¬ 
tion  ol"  motion-pictures  in  the  training  process,  conducted  under  the 
supervision  of  Professor  A.  A.  Lyapunov,  showed  that  an  incorrect 
procedure  can  lead  to  a  sharp  (sometimes  by  more  than  10  times  in 
respect  to  the  best  result)  lowering  of  the  percentage  or  correctly 
fulfilled  control  wor>.3  on  the  theme  being  studied.  In  this  way, 
along  with  the  search  for  r.ew  effective  means  of  matching  the  infor¬ 
mation  characteristics  of  the  channel  of  communication  "instructor- 
audience,"  such  as  the  programmed  training  and  teaching  machines.  It 
Is  necessary  to  investigate  thoroughly  the  procedure  of  application 
of  the  generally  accepted  means,  the  reserves  of  which  are  far  from 
being  exhausted. 

lThe  theoretical  basis  cf  such  a  transformation  of  •.,.n  information 
is  the  position  of  the  theory  of  information  concerning  the  possibility 
of  change  In  the  configuration  cf  information  under  the  condition  of 
preserving  it3  volume:  FjT^j  •  FsTg Ag,  where  A1  and  A.  -  the  coef¬ 
ficients  of  the  relationship  of  signal  and  noise,  Tj  and  Tg  -  the  time 
of  transmission  of  information,  Fj  and  Fg  -  the  width  of  the  band  of 
frequencies  (see  Chapter  It,  Section  2). 
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A  necessary  condition  for  the  functioning  of  any  system  of  con¬ 
trol  is  the  presence  of  a  channel  of  reverse  communication.  The 
effectiveness  of  control  depends  both  on  the  quantity  of  information 
transmitted  over  this  channel,  and  on  the  extent  of  delay  with  which 
the  information  arrives  at  the  controlling  device.  At  a  specific 
extent  of  delay  the  system  not  only  ceases  to  regulate  the  prooess, 
but  Just  the  opposite,  it  swings  and  destabilises  the  object  of  oontrol. 

All  this  is  completely  correct  in  the  system  "instructor- 
audience. "  Por  example,  linguists  consider  that  for  oomplete  con¬ 
trol  -over  the  process  of  teaching  a  foreign  language  an  exchange  of 
information  between  the  audience  and  the  Instructor  should  take  place 
on  the  average  not  less  than  every  8  seconds  (ISO  confirmations  in 
20  minutes  of  lesson),  tinder  these  conditions  a  reverse  communication 
exists  practically  continuously  and  information  about  the  mastering 
of  new  material  by  the  llstner  is  received  without  any  delay.  Many 
instructor-mathematicians  consider  that  during  a  short  period  of  time 
(2  hours)  and  at  the  price  of  great  volitional  stress  it  is  possible 
to  effectively  control  the  actions  of  each  listener  and  react  to  each 
of  his  errors  In  a  group  consisting-  of  15  persona.  However,  as  a 
rule,  with  the  usual  sixes  of  a  training  group  the  circuit  of  reverse 
eonmunl cation  is  chronically  overloaded.  Zf  it  is  still  considered 
that  the  ohannel  of  communication  "instructor-audience"  is 'simplex, 
l.e.,  operates  either  on  reception  or  transmission,  it  becomes  clear 
•that  with  the  contemporary  "technology"  of  the  training  process 
reverse  communication  can  be  connected  to  each  of  the  trainees  for  a 
short,  incommensurable  with  the  general  period  of  the  training  process, 
period  of  time  and  is  expressed  only  in  such  forms  of  control  as 
incidental  interrogation,  a  check  of  summaries,  control  and  course  of 
work,  seminars,  and  examinations.  Being  deprived  of  the  possibility 
of  controlling  the  process  of  thought  of  the  listener,  an  Instructor 
is  forced  to  be  satisfied  only  with  checking  his  results,  while  the 
goal  of  training  consists  mainly  of  the  shaping  of  the  process  of  a 
thought. 

With  an  overload  of  reverse  communication  and  incidental  control 
cases  are  not  excluded  in  which  the  signal  about  trouble  with  the 


105 


affair  on  the  part  of  some  trainee  enters  only  when  the  initial  in¬ 
sufficient  incomprehension  of  the  material  already  led  to  complete 
inability  to  master  the  course  further.  Here  the  reason  for  the 
passiveness  of  the  listener  is  hidden. 

An  increase  in  the  effectiveness  of  reverse  come jnication  can  be 
achieved  by  the  introduction  into  our  system  of  one  additional  infor¬ 
mation  matcher  (see  Information  matcher  "B"  in  Pig.  4.2).  The 
possibility  of  matching  the  Information  characteristics  of  this  cir¬ 
cuit  is  based  on  the  fact  that  inasmuch  as  in  the  given  system  the 
source  of  informations  is  the  instructor,  then  the  answers  of  the 
listeners  by  necessity  will  contain  a  considerable  portion  of  infor¬ 
mation,  which  for  the  Instructor  is  surplus,  knowingly  known,  and  can 
be  taken  into  account  ahead  of  time  in  the  appropriate  way  by  an 
adjusted  matching  device. 

In  Fig.  4.2  we  see  apart  from  the  initial  closed  circuit  of 
control  two  supplemental  circuits  (1  and  2).  Their  presence  already 
creates  a  certain  possibility  to  Improve  the  distribution  of  the 
flows  of  information  in  the  given  system.  However,  up  to  this  moment 
we  considered  all  listeners  as  a  single  object  of  control.  In  a 
certain  meaning  this  is  correct,  since  the  association  in  which  the 
education  and  training  takes  place  represents  a  specific  unity. 
Furthermore,  with  present-day  methods  of  training  it  is  necessary  in 
the  supplying  of  material  and  organisation  of  control  of  assimilation 
to  be  oriented  to  some  "averaged"  listener. 

For  operational  and  individual  control  of  the  work  of  the 
audience  it  is  necessary  that  each  of  them  have  the  optimum  possi¬ 
bility  to  match  his  information  characteristics  with  the  channels  cf 
direct  and  reverse  communication  of  the  system  "instructor-audience." 
In  the  process  of  solving  this  assignment  the  need  appears  for  the 
formation  of  {supplemental  "mierecirouJ t  •"  . " 

possible  for  each  listener  to  regulate  the  rate  of  supply  of  material, 
in  the  case  of  necessity  to  receive  the  necessary  explanations,  and 
to  control  the  correctness  of  assimilation.  How  the  diagram  of  the 
process  acquires  the  form  shown  in  Fig.  4.3.  Here  each  listener  has 
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an  individual  two-way  lommunlcation  with  Information  matchers  which 
are  general  for  all  listeners.  In  principle  the  assignment  has 
another  variant  of  solution:  ea.ch  listener  can  be  provided  witli  ' 

individual  information  piatohers  (Fig.  4.4),  Having  supplemented  the 
arrangement  in  Fig.  4.3  with  bonds  3  and  4,  which  Coordinate  the  work 

i 

of  information  matchers  between  one  another,  and  the  arrangement  in, 
Fig.  4.4  with  bonds  5  and  6  for  ttye  salme  purpose,  we  arrive  pt  the 
general  schematic  ‘diagram  of  .the  training  process  with  the  application 
of  programmed  training  material  and  the  sd-called  teaching  .machines . 
The  diagram  given  in  Fig.  4. ,3  takes  place  during  the  application  of 
the  universal  electronic  inforrrfation-loglc  machine,  servicing  the 
whole  group  of  trainees;  the  diagram  in  Fig.  4.4  is  , valid  for  the 
case  of  utilization  of  .individual  teaching  machines  and  programmed 
training  materials.1 

^  i 

i 

I 

The  cybernetic  model  presented  In  these  figures  gives  a  clear 
representation  about  the  ,t.rue  .place  of  teaching  machines  and  pro¬ 
grammed  material  in  the  training  process' (in  Fig.  4.3  and  Pig.  4.4  ' 
they  are  included  in  the. broken  rectangle;:).  These  devices  and 
material  by  their  naturfe  are  not  able  to  abolish'  either  creative 

,  i  i 

pedagogic  work  or  the  duty  of  the  instructor  to  educate  the  student h. 

i  1  i 

They  also  do  not  eliminate  the  need  for  persistent  study  qnd  deep 
comprehension  of  training  material  by  the  students.  •  . 

'i  >  *  i  •  . 

The  true  role  of  programmed  materials  and  teaching  machines 

I 

consists  of  the  optimum  matching  of  the  Information  characterise  :s 

of  the  Instructor  with  the  entire  lecture-hall  on.  the  whole  and  with 

each  listener  individually  and  thus  Increasing  the  productivity!  of 

> 

the  training  process.  1 


*It  must  be  noted  that  the  difference  between  the  last  two 
schemes  are  more  constructional ’than  fundamental.  For  the, student , 

If  lie  has  fcviuai  possibilities  to  uatei.  his  . . .  .<.i- 

istics  with  the  inputs  And  outputs  of  machines,'  the  arrangements  i 
in  Figs.  4.3  and  4.4  are  practically  identical.  , 


I 
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One  of  the  methods  for  increasing  the  effectiveness  of  the 
training  process  and  the  means  of  realization  of  recommendations 
obtained  during  the  Investigation  of  the  cybernetic  model  of  training 
is  programmed  training.  The  most  Important  features  of  programmed 
training  are  the  following: 

—  the  breaking  up  of  training  material  into  specific  doses; 

—  the  presence  of  effective  control  of  the  mastering  or  material 
of  the  program; 

—  Individualization  of  training; 

—  optimum  control  of  the  process  of  assimilation  of  trailing 
material. 

Practically  the  method  of  programmed  training  will  be  realized 
thusly:  the  trainee  is  issued  training  aids,  compiled  taking  into 
account  the  work  on  a  specific  program,  in  which  all  the  material  of 
the  following  theme  is  located  in  a  strictly  logical  order.  This 
requirement  is  reduced  to  the  need  to  Investigate  the  optimum  algorithm 
of  the  given  course  -  the  best  sequence  of  presentation  of  material. 

In  the  case  of  nonfulfillment  of  this  requirement  subsequent  work  is 
useless. 

Further  the  theme  is  decomposed  into  "quanta,"  or  doses,  each 
of  which  contains  a  certain  logically  completed  share  of  material 
which  contains  new  knowledge  for  the  listener.  The  dimensions  of  a 
"quantum"  are  determined  both  by  the  complexity  and  logical  structure 
of  the  material  itself,  and  by  the  preparedness  of  the  students. 
Materials  for  the  training  of  young  sol  Hers  can  be  broken  down  int.o 
minimum  segments  (remember,  logically  completed),  for  the  listeners 
at  higher  military  training  institutions  they  can  be  rather  large 
paragraphs.  After  studying  the  following  "quantum"  of  Information 
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the  student  Is  given  a  question  or  assignment  which  can  be  solved  only 

with  the  complete  mastering  of  the  given  material. 

•  • 

Cheek  the  correctness  of  an  answer  to  a  control  question  (the 
solution  to  an  assignment)  In  various  systems  of  programmed  training 
Is  carried  out  differently.  A  variant  Is  possible  when  the  listener 
is  given  from  three  to  five  answers,  one  of  which  is  correct,  and  the 
remaining  incorrect,  but  not  obviously  absurd,  but  plausible.  Such 
a  ays tom  is  called  a  system  of  selective  answers.  For  each  of  the 
answers  a  page  is  given,  to  which  the  student  should  turn  if  he  is 
ocnfldent  of  his  answer.  A  correctly  solved  assignment  will  allow 
the  student  to  obtain  the  following  "quantum"  of  information.  With 
an  incorrect  answer  the  student  is  reftrred  to  that  page,  where  the 
reason  for  his  error  !&  explained  and  an  assignment,  analogous  to 
the  first,  is  given.  Zn  other  systems  for  checking  the  correctness 
of  an  answer  the  student  Is  issued  control  sards,  in  which  he  enters 
his  answer,  and  then  collates  It  with  the  correct  answer,  given  on 
the  reverse  of  the  page,  or  controls  himself  with  the  help  of  specific 
pat-terns.  It  must  be  noted  that  the  selection  of  a  form  of  posing 
it  corresponding  to  the  content  of  the  given  question  is  an  excep¬ 
tionally  complex  and  labo.iOuS  assignment,  moreover  the  general  rules 
for  Its  solution  have  still  not  been  developed.  For  example,  seme 
Instructors  note  that  sometimes  the  system  of  selective  answers 
proves  to  be  Ineffective. 

A  logical  diagram  of  one  of  the  variants  of  programmed  material 
is  given  in  Fig.  4.5.  The  advantages  of  programmed  training  consist 
mainly  of  maintaining  the  constant  activity  of  the  listener.  This 
is  noted  by  all  the  Soviet  and  foreign  teachers  who  were  applying  cr 
investigating  this  method.  Along  with  the  mastering  of  knowledge 
the  student  forms  habits  of  Intensive  independent  mental  work.  A 
strict  logical  finish  to  a  course  allows  the  imparting  of  complex 
material  to  those  categories  of  students  who  earlier .were  considered 
unprepared  for  this.  With  application  of  the  described  method  the 
theory  of  the  question  .’.s  not  separated  in  the  consciousness  of  the 
student  from  the  practical  solution  of  assignments,  as  this  often 
happens  in  the  case  cf  separation  of  a  course  into  a  lecture  part 
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and  practice,  but  is  organically  merged,  Ar.  a  resell  .he  stulcr.is- 
solve  practical  assignments  considerably  better  than  before. 


With  this  method  the  exposure  of  Incomprehension  •  • r  juvsti: 

by  the  listener  is  not  set  aside  l  or  control  work  or  *x*tnlrmt  1»  n ,  b.*t 
revealed  and  eliminated  Immediately,  As  Is  known,  the  significance 
of  information  depends  on  the  prehistory  of  the  system,  i,e.,  mi 
how  much  and  what  Information  13  received  and  process© i  by  the  system 
up  to  the  moment  of  receiving  a  communication.  In  this  case  because 
of  the  assimilation  of  all  the  previous  material  by  the  listener.' 
the  significance  of  each  new  Irf'.rraatlon  !»  nl  -  v‘‘ 


A  positive  quality  of  programmed  training  is  also  the  fact  th-*t 
a  listener,  having  encountered  difficulty  in  the  ur.  Jerst  •*.  jJng  -  f  •. 
question,  is  not  hurried  by  the  averaged  rate  of  supply  f  material  , 
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but  his  the  possibility  to  creatively  ccmprehenc  it.  The  ablest 
stu-ien's  are  able  to  (o'er  the  required  program  more  raj.!<il./  and  to 
h  ivc  free  time  for  deep  research  on  supplemental  material  inti  i  artici- 
patton  In  scientific  research  work. 

Zn  the  Soviet  Union  and  abroad  considerable  experience  has  been 
accumulated  in  the  practical  application  of  method3  of  programmed 
education  in  professional-technical,  secondary,  and  higher  training 
institutions,  for  several  specialised  courses  have  been  developed, 
textbooks  printed,  and  scientific  investigations  conducted.  Thus, 
in  the  laboratory  of  programmed  education  at  the  Institute  of 
Psychology  of  the  Academy  of  Pedagogic  Sciences,  USSR  a  search  for 
the  utilisation  of  algorithms  in  education  is  being  carried  out.1  At 
the  Institute  of  Psychology  AN  UkSSR  in  concord  with  the  Institute  of 
Cybernetics  AN  UkSSR  an  experimental  analysis  haa  been  made  of  the 
dependence  of  effectiveness  of  programmed  education  on  the  arrange¬ 
ment  of  programs  (linear,  branched,  adaptive)  and  the  sizes  of  the 
dose  of  material.. 

As  was  reported  in  the  press,  positive  experience  in  the  utiliza¬ 
tion  of  programmed  education  have  also  been  accumulated  in  a  number 
of  military  training  Institutions  of  the  Soviet  Amy  and  Navy.  The 
information  obtained  helps  In  the  effective  teaching  of  a  n  mt!  :r  of 
physical  and  mathematical  disciplines,  military-technical  sciences, 
the  riSteri.il  part  of  weapons,  and  battle  technology.  However,  at  the 
contemporary  level  of  development  of  methodology ,  theory  and  the 
practical  procedure  of  programmed  education  it3  application  to  the 
study  of  disciplines  of  social-economic  and  operational-tactical 
cycles  (with  the  exception  cf  some  divisions)  Is  etlll  premuture, 
although  there  is  no  doubt  that  in  the  future  programmed  education 
will  occupy  a  considerably  more  Important  place  than  today. 


*The  basic  results  of  these  investigations  have  been  presented 
ir.  the  monograph  by  L.  N.  Laada  "Algorithmization  in  ciucatirn." 
Publishing  house  "rrosveshchenlye 1966.  . 
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A  logical  addition  to  the  methods  of  programmed  l.-tlnlnp  V.;  m, 
utilisation  of  so- called  teaching  machines  -  electromechanical  ievio\-.. , 
electronic  computers,  and  trainers.  The  programs  placed  in  them 
ensure  the  control  of  the  training  process,  carry  out  operational 
control  of  the  actions  of  the  trainees  and  in  proper  time  correct 
the  errors  made  by  them  in  the  assimilation  of  material,  and  they 
also  change  the  order  of  supply  of  semantic  (logical)  Jnfor»:it!  vn 
depending  on  the  nature  of  these  errors. 

This  means  of  mass  communication,  such  as  the  cinema,  tape 
units,  television,  and  various  kinds  of  stage  presentations,  were 
applied  in  education  even  before  the  appearance  of  the  methods  of 
programmed  education  and  now  they  are  often  used  outside  of  any  con¬ 
nection  with  it.  The  teaching  machine  -  this  is  the  next  and  a  very 
considerable  step  In  the  development  of  methods  of  application  of 
technical  means  in  the  training  process  and  in  the  development  of 
programed  education. 

Hot  every  teaching  machine  will  realize  all  the  functions 
enumerated  above.  In  complete  volume  this  will  be  done  only  by. the 
most  perfect  instructing  complexes  on  the  basic  of  ••••aputera.  The 
practical  needs  of  the  training  process  and  economic  const  derations 
dictate  the  utilisation  of  simpler  devices.  Rather  effective  -..nong 
these  are  the  so-called  maefUne-eontrol tare.  Their  construct  tonal 
realisation  can  be  very  diverse  depending  on  assignment,  rt  is 
possible,  for  example,  to  have  3uch  a  variant.  Placed  !r.  the  casette 
of  the  machine  Is  a  certain  quantity  of  cardboard  earns,  each  of  which 
is  divided  Into  two  parts  (Fig.  4.6).  On  the  right  hair  of  the  card 
the  assignment  Is  recorded,  and  on  the  left  half  with  the  help  of 
punched  openings  the  answer  to  It  is  coded.  With  the  depressing  of 

tl  .e  fi  —  uX*  t  b  ..  *(*ll  .‘t*  iu.  iu.  .  ...  . ..  •-  *  ■ 

place,"  where  It  Is  situated  so  that  the  right  part  Is  visible  to 
the  trainee  and  the  left  is  superimposed  on  t  contact  panel  and  forms 
a  "template,"  with  which  the  trainee's  answer  will  be  owafrei  when 


Fig.  *1.6. 


t  he  introduces  his  solution  Into  the  machine  with  the  help  of  a  set 
of  switches  or  buttons  on  the  front  panel.  The  check  of  the  knowledge 
of  the  student  can  consist,  for  example,  of  five  assignments  proposed 
In  series.  Upon  termination  of  the  check  a  rating  of  the  knowledge 
of  the  student  appears  on  a  light  tableai*.  in  a  five  ^olnt  system. 

In  many  higher  military  training  Institutions  for  checking  the 
readiness  of  the  audience  for  carrying  out  of  laboratory  works 
machine-controllers  are  used.  The  Instructor  previously  with  the 
help  of  switches  inputs  into  the  machine  the  codes  of  the  correct 
answers  and  the  number  of  points  calculated  for  each  of  the  answers 
(for  example,  for  the  first  -  2  points,  for  the  remaining  —  one  each). 
The  student  places  the  switches  in  the  positions  which  correspond 
to  the  codes  of  answers.  After  setting  of  the  last  switch  the  machine 
gives  out  a  rating.  As  shown  by  the  experience  of  application  of 
such  machines  at  the  Air  Force  Engineering  Academy  [WIA]  lmenl 
N.  Ye.  Zhukovskiy  and  the  Kiyev  Higher  Engineering  Radio-Technical 
Air  Defense  School  [PVO],  the  quality  of  control  of  the  training  of 
the  audiences  for  laboratory  work  in  this  case  proves  to  be  suffi¬ 
ciently  high,  and  the  time  for  eheoklng  their  knowledge  comprises  no 
more  than  5-10  minutes.  If  one  considers  that  usually  for  this 
procedure  from  forty  minutes  to  an  hour  is  set  aside,  and  the 
audiences  In  the  time  taken  for  education  at  a  higher  educational 
institution  can  perform  hundreds  of  laboratory  works,  then  the 
economy  of  time  proves  to  be  very  noticeable. 

More  complex  machines  are  possible  which  are  capable  within 
certain  limits  of  analyzing  arid  evaluating  an  answer,  and  reporting 
to  the  student  about  errors  committed  by  him.  It  is  obvious  that  t!.v 
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most  complex  and  laborious  part  of  the  work  is  the  composition  of 
questions,  the  selection  of  assignments,  the  selection  of  a  logical 
system,  and  the  designing  of  devices  which  meet  the  requirements  of 
the  training  institution  and  the  specific  nature  of  the  subject.  Such 
machine-controllers  can  be  effective  in  the  taking  of  testa  on  the 
material  part  of  weapons  and  battle  equipment,  during  a  check  of  skill 
in  operation  of  equipment  and  the  skill  to  eliminate  malfunctions  and 
during  examinations  on. many  military,  military-technical,  and  general 
theoretical  disciplines.  Machine-controllers  will  also  find  applica¬ 
tion  in  the  checking  of  course  and  control  works  with  a  mathematical 
bias.  Thus,  instructors  0.  N.  Alekseyev  and  0.  0.  Maul*  proposed  a 
method  of  checking  control  works  of  extension  students  in  the  course 
"General  thermal  engineering"  with  the  utilization  of  the'  "Ural-1" 
computer.  With1  a  considerably  higher  quality  of  control  the  time  for 
checking  is  shortened  by  approximately  10  times,  and  the  money  savings 
for  the  All-Union  Correspondence  Polytechnlcal  Institute  can  be 
evaluated  at  135-270  thousand  rubles  per  annum. 

Another  variety  of  teaching  machines  are  the  mcahirf-oontultantt. 
They,  as  a  rule,  have  a  table  of  questions,  on  which  they  can  give 
information  to  the  student.  Having  found  In  the  table  a  question 
which  Interests  him,  the  student  inputs  its  number  or  code  Into  the 
machine.  The  necessary  Information  is  stored  in  the  machine  in 
magnetic  tape,  lantern-slides,  and  film,  and  with  the  help  of  a  tape 
unit  or  projector  with  programmed  control  it  is  given  to  the  student. 

The  effectiveness  of  machine-consultants  is  determined  by  the 
capacity  of  their  storage  and  by  the  means  of  controlling  them.  If 
the  volume  of  information  located  in  such  a  machine  can  be  concen¬ 
trated  in  one  reference  book  with  a  subject  index,  then  preference 
should  be  given  to  a  reference  book  or  a  card  index  as  a  cheaper  and 
portable  means.  Only  in  the  case  of  a  large  volume  of  information, 
when  the  usual  methods  of  finding  the  necessary  section  nvo  ter.  bulky, 
or  if  the  information  changes  very  rapidly  (in  a  tin-e  meisurwu  c> 
days,  hours,  or  minutes)  the  utilization  of  data  processing  machines 
is  expedient.  Most  likely  the  area  of  effective  utilization  of  such 
machines  is  scientific-research  work  and  control  of  combat  actions  of 
troops,  but  not  the  training  process. 
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Unification  of  the  nachine-coneultant  and  the  machine-controller 
into  a  single  system  of  control  creates  a  new  device,  which  can  be 
called  a  machine- aoaoh.  It  not  only  advises  the  student,  but  allows 
him  to  verify  the  level  of  his  understanding  of  the  material. 

Machine- consultants,  controllers,  and  coaches  are  applied  in 
the  auxiliary  operations  of  the  process  of  training.  However,  teach¬ 
ing  machines  can  be  used  even  in  the  main  cycle  of  the  training 
process  —  to  supply  new  material  to  the  students.  Namely  such 
machines  are  accepted  to  be  called  teaching,  they  are  the  complex  of 
all  the  previously  enumerated  devices.  The  logical  diagram  of  this 
complex  is  analogous  to  the  structure  of  programmed  training  and  is 
distinguished  from  it  by  the  fact  that  all  the  auxiliary  operations, 
on  which  the  student  in  the  case  of  nonmachine  training  spends  un¬ 
productive  training  time  by  being  distracted  and  scattering  his 
attention,  are  mechanized.  For  example,  after  the  correct  solution  of 
an  assignment  the  student  here  should  not  find  the  necessary  page  in 
a  pamphlet;  the  correct  answer  is  a  command  to  the  machine  to  3how 
the  following  text  or  a  diagram,  to  turn  on  the  appropriate  segment 
of  magnetic  recording  In  order  to  give  the  necessary  explanations. 

One  of  the  variants  of  a  logical  diagram  of  such  a  machine  is  given 
in  Fig.  4.7.  Here  rectangles  show  th«.  operations  performed  by  the 
machine,  and  the  circles  -  the  organs  of  control  which  are  used  hy 
the  student.  The  dotted  line  designates  the  console  of  the  Instructor 

As  it  is  easy  to  notice,  in  this  variant  training  is  organized 
according  to  the  diagram  in  Fig.  4.4.  in  the  case  of  the  utilization 
of  an  electronic  information  logic  machine,  servicing  all  the  students 
simultaneously,  the  training  will  be  organized  according  to  the 
diagram  in  Fig.  4.  3. 

Among  the  problems  connected  with  the  advent  of  teaching  machine, 
the  least  developed  problem  Is  that  or  the  organization  of  cro.riur.lca- 
i  tlon  between  tne  student  and  the  machine,  l.e.,  a  question  about 
reception  and  treatment  of  information  received  by  the  student.  Cr.e 
solution  to  this  problem  will  require  the  combined  efforts  of  teacher- 
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psychologists, . and  engineers.  In  principle  a  machine  can  transmit  a 
test  from  magnetic  tape,  put  out  a  printed  text  with  Illustrations, 
and,  finally,  with  the  help  of  a  sound  film  to  imitate  the  work  of  i 
lecturer.  Each  of  these  means  has  its  pros  and  cons.  As  noted 
above,  the  auditory  channel  of  perception  based  on  its  carrying 
capacity  is  noticeably  inferior  to  the  visual  channel.  Furthermore, 
its  utilization  i«  unavoidable  connected  with  a  forced  rate  of  supply 
of  information.  Nevertheless  the  supply  of  material  from  a  magnetic 
tape  possesses  an  unquestionable  advantage  -  cheapness  and  technical 
simplicity.  Work  with  a  printed  text  permits  the  student  to  make 
extensive  changes  in  the  rate  of  processing  of  information  depending 
on  the  complexity  and  novelty  of  the  material.  However,  in  this 
case  there  is  a  considerable  los3  of  emotional  information.  Imitation 
of  the  work  of  a  lecturer  with  the  help  of  films  eliminates  this 
deficiency,  but  is  connected  with  a  forced  rate  of  spending  information 
and  is  rather  expensive.  The  optimum  solution  to  a  problem  can  be 
obtained  only  by  means  of  the  combined  utilization  of  all  the  stated 
means,  moreover  the  quantitative  proportions  of  this  combination 
should  be  clarified  experimentally  and  by  means  of  a  theoretical 
investigation. 

Unconditionally  in  the  first  stages  of  training  it  is  useTul  to 
utilize  film  equipment  and  tape  recorders,  but  along  with  the  master¬ 
ing  of  the  material  all  the  more  specific  importance  shoulu  be  given 
to  the  supply  of  material  in  the  form  of  prir.tc-d  text. 

Just  as  complex  are  the  problems  which  appear  in  connection 
with  the  problem  of  the  input  of  the  students  answers  into  the 
machine.  The  system  of  selective  answers,  although  it  is  rirapie  in 
realization,  does  r.ot  make  it  possible  to  train  the  student  in  the 
Independent  formulation  of  an  answer.  The  best  forms  of  input  of  an 
answer  can  be  such:  the  input  of  the  text  of  an  answer,  including 
formulas  and  niaio”' I  result-,  ryyr  -  .. 

with  the  help  of  a  mechanical  plotter.  Such  a  form  of  input  of 
information  in  combination  with  the  capacity  of  a  machine  to  control 
the  correctness  of  the  proof  of  theorems  and  conclusions,  mide  in  a 
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more  or  less  free  sequence  (in  order  that  logically  permissible 
transfer  would  not  be  perceived  by  a  machine  as  an  error),  sub¬ 
stantially  enlarges  the  sphere  of  application  of  teaching  machines. 
The  input  of  an  answer  by  voice  or  In  the  form  of  text,  written  by 
hand,  Is  technically  difficult  and  does  not  have  any  practical 
advantages  over  the  input  of  answers  from  a  keyboard. 


A  specific  place  in  a  number  of  thinking  machines  Is  occupied  by 
trainer*  with  programmed  eleotronio  attachment* .  They  produce  a  con¬ 
siderable  effect  when  teaching  the  control  of  complex  combat  equipment. 
Such  trainers  not  only  imitate  the  organs  of  control  and  the  dynamics 
o.f  change  in  the  situation,  but  also  control  the  actions  of  the 
student,  fix  his  errors,  and  give  indications  for  their  elimination. 


A  large  number  of  Russian  and  foreign  trainers  are  known  which 
are  used  for  the  training  of  filers,  navigators,  radar  operators, 
tank  drivers,  etc.  As  a  rule,  trainers  with  programmed  electronic 
attachments  are  rather  complex.  Thus,  the  trainer  of  the  firm 
\  "Curtlss-Wright"  for  the  training  of  strategic  bomber  crews  contains 
more  than  IcOO  electron  tubes,  up  to  800  potentiometers  of  various 
types,  and  about  25 0  electric  motors  and  servomechanisms.  However, 

In  spite  of  the  complexity  and  high  costs,  such  trainers  are  very 
effective;  according  to  th«  information  of  the  foreign  press,  the 
cost  of  training  crews  with  the  utilization  of  trainers  is  approxi¬ 
mately  30*  lower  than  normal,  the  crews  are  better  prepared  for 
actions  in  emergency  situations,  and  the  general  time  of  training  is 
sometimes  shortened  by  20S.  The  trainer  "Curtlss-Wright"  makes  it 
possible  to  simulate  a  24-hour  flight  In  1.5  hours.  In  all  possibility 
namely  trainers  will  be  especially  useful  for  the  troops.1 
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Programmed  training  has  attracted  a  large  number  of  enthusiasts. 
In  the  forces  and  military  training  Institutions  In  recent  jvnve 


1 It  must  be  noted  that  with  the  correct  procedure  of  utilization 
of  technical  means  and  thinking  machines,  the  student  is  innoculated 
with  the  habit  of  constant,  30  to  say,  ordinary  utilization  In  his 
work  of  cybernetic  and  electronic  devices,  which  by  itself  is  com¬ 
pletely  useful. 
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several  interesting  and  useful  teaching  machines  and  trainers  have 
been  developed  and  the  classes  equipped  with  programmed  training. 

In  many  cases  the  doubtless  pedagogic  success  confirms  the  fruitful¬ 
ness  of  the  concept  of  this  method. '  However,  along  with  successes 
one  ought  to  note  the  failures  and  disappointments  which  wqre 
experienced  by  some  instructors  and  eveA  entire  pedagogic  assoclh-' 
tlons.  Sometimes  the  utilisation  of  programmed  materials  proved  to; 
be  too  complex,  distracted  the  attention  of  the  students,  from  the 
content  of  the  course,  the  knowledge  of  the  student  became  formal 
and  inflexible,  a  creative  approach  tc  the  material  was  lost,  the 

f  !  i 

investments  of  pedagogic  of  work  on  each  element  of  knowledge  being 
reported  to  the  student  were  not  shortened,' but,  on  the  contrary,  • 
increased.  !  »  '. 

The  reasons  for  these  failures  lie  mainly  in  t^he  fact  that  the 

i 

development  of  the  theoretical  bases  of  programmed  training  -  lts| 
pedagogic,  psychological,  technical,  and  economic  bases  -  st^ll  falls 

l 

behind  the  requirements  of  practice.  There!  where  experience  and 
intuition  prompted  the  teachers  a  correct  solution,  the  effect  was 
positive,  but  where  these  qualities  were  not  grasped  enough,  pedagogic 
theory  could  not  be  of  actual  help.  Therefore  now  the  research 
centers,  such,  as  the  Laboratory  of  Programmed  Education  of  the 
Institute  of  Psychology  APN  USSR,  the  Institute  of  Psychology 
AN  UkSSR,  the  Laboratory  of  Programmed- Education,  MSU,  and'others, 
are  engaged  mainly  not  in  the  engineering  of  specific  teaching 
machines  or  in  the  development  of  specific  programmed  courses,’ but 

I 

mainly  in  the  solution  of  cardinal  problems. 

\  • 

• 

One  vsf  such  problems  Is  the  determination  of  the  criteria  of 
effectiveness  of  training.  The  utilization  of  programmed  materials 
and  of  teaching  machines  Is  not  an  end  in  itself  (which  enthusiasts  . 
sometimes  forget)..  These  methods  and  means  have  a  practical  value, 
if  they  facilitate  an  increase  in  the  effectiveness  •• 

and  training,  they  increase  the  productivity  of  pedagogic  work., 

i 

At  first  sight  the  criteria  of  effectiveness  of  tralnlhg  ai'e 
clear  up  to  a  limit:  training  is  more  effective,  when  it  gives  more 
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ixtenstve  and  durable  knowledge  with  shorter  periods  and  economic  , 

i 

investments.  This  means  that  It  13  necessary  to  attain  the  maximum 
jf  two  first  indices  and  .to  reduce  to  a  minimum  'the  two  latter.  How- 

jver,  practice  most  frequently  places  questions  so  that  It  1;'  necesjsary 

.  1  » 

to  compare  various  Indices  between  one  another,;  to  evaluate  .their 

l  I  •  | 

Interaction,  and  tp  find  the  ‘equivalents  of  dnterinfluences'.  For  1 

example,  on 'which  economic  investments  is  it  possible  to 'go,  let'us 

say,  for’;  the  sake  of  increasing  the  durability  of  tcnowledge?  Inasmuch.; 

as:  the  Indices,  on  which  the  quality  of  training  is  evaluated,  do ‘not. 

always  lend  themselves  to  a  quantitative  appraisal;  this  problem 

beoomes  very  complex.  .Three  years  ago  tjie  author  t>f  the  book  has 

ocoaasion  tc  become  acquainted  with  a  machine-controller  which  was  .  , 

buil,t  in  one  of  the  army  units.  The  machihe  has  imposing  dimensions 

and  was  beautifully  formed.  On  i'ta  development  several  pffioers  and 

sergeants  worked  for  a  number  of  months.  ‘ And'although  potentially*  ■ 

It  could  Increase  the  productivity  of  pedagogic  work,  this  did  not 

occur.  The  fact i was  that  sergeants .of  only  one  unique  speciality  '  • 

cculd  be  trained  on  It.  , 

’  '  . 

*  ‘ 

i  It  is  natural  that  initial  investments ‘during  the  introduction  , 

of  a  new  method  always  excefed  the  average  level..  TJje  machines 

developed  during,  this  period,  ,as  a  rule,  are  redundantly  complex.! 

This  -Is  unavoidable.  'Nevertheless  economic  considerations  when  , 

evaluating  the  effectiveness  of  training  canr.ot  be  disregarded.  In 

! 

this  sense  lt|  is  hardly  expedient  to  program  a  course  vthlch  will  be  i 
rdad  only  once.  Indeed  for  the  development  of  the  proqram  of  a  two 
hour  exercise  (without  considering  technical  formulation)  from  25  to 

i  ■  •  .  *  , 

50  hours  of  the  work  of  the  most  qualified  and  experienced  instructors 
is  exponded.  Therefore,  before  applying  the  method  of  programmed 
training,  it  is  necessary  tp  evaluate  the  stability  of  the' course,, 
how  massive  and  systematic  will  be  thi  utilization 'of. programs  and 
machines.  ,  ». 

.  !  I  . 

Today  in. the  Soviet  Union  and  abroad  several  tested  arid  success¬ 
ful  procedures,  exl'st.  which  make  it  possible  to  quantitatively  ^valuatp 

and  compare  various  systems  of  training  according  to  volume  and 

•  1  :  ,  !  "  .  . 
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>xtenstve  and  durable  knowledge  with  shorter  periods  and  economic 
■.nve3'.:’,''nt3,  This  means  that  it  ia  necessary  to  attain  the  maximum 
>f  two  rirat  indices  and  to  reduce  tc  a  minimum  the  two  latter.  How- 
»ver,  practice  moat  frequently  places  questions  so  that  it  i?  necessary 
to  compare  various  indices  between  one  another,  to  evaluate  their 
Interaction,  and  to  find  the  equivalents  of  Interinfluences.  For 
example,  on  which  economic  investments  is  it  possible  to  go,  let  us 
say,  for  the  sake  of  increasing  the  durability  of  knowledge?  Inasmuch 
as  the  indices,  on  which  the  quality  of  training  is  evaluated,  do  not 
always  lend  themselves  to  a  quantitative  appraisal,  this  problem 
becomes  very  complex.  Three  years  ago  the  author  of  the  book  has 
ocoassion  to  become  acquainted  with  a  machine-controller  which  was 
built  in  one  of  the  army  units.  The  machine  has  imposing  dimensions 
and  was  beautifully  fonned.  On  its  development  several  officers  and 
sergeants  worked  for  a  number  of  months.  And  although  potentially 
it  could  increase  the  productivity  of  pedagogic  work,  this  did  not 
occur.  The  fact  was  that  sergeants  of  only  one  unique  speciality 
could  be  trained  on  it. 

It  Is  natural  that  initial  investments  during  the  Introduction 
of  a  new  method  always  exceed  the  average  level.  The  machines 
developed  during  this  period,  as  a  rule,  are  redur.duntly  complex. 

This  is  unavoidable.  Nevertheless  economic  considerations  when 
evaluating  the  effectiveness  of  training  canr.ot  be  disregarded.  In 
this  sense  it  Is  h&rdly  expedient  to  program  a  course  which  will  be 
read  only  once.  Indeed  for  the  development  of  the  proqram  of  a  two 
hour  exercise  (without  considering  technical  formulation)  from  25  to 
50  hours  of  the  wor..  of  the  most  qualified  and  experienced  instructors 
is  exponded.  Therefore,  before  applying  the  method  of  programmed 
training,  It  is  necessary  to  evaluate  the  stability  of  the  course, 
how  massive  and  systematic  will  be  the  utilization  of  programs  and 
machines. 

Today  in  the  Soviet  Union  and  abroad  several  tested  and  success¬ 
ful  procedures  exist  which  make  it  possible  to  quantitatively  evaluate 
and  compare  various  systems  of  training  according  to  volume  and 
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durability  of  knowledge,  the  period  of  training,  and  Its  economy.1 
However,  in  their  majority  these  procedures  stem  from  the  fact  that 
the  question  of  which  specialists  should  be  trained,  the  latitude  of 
profile,  the  time  for  incorporation  into  the  system  after  the  uomple- 
tion  of  the  training  institution,  and  other  indices  which  are  external 
for  the  higher  educational  institution,  are  postulated  simply  while 
they  themselves  also  must  be  evaluated. 

The  utilization  of  new  effective  methods  and  mean:;  In  '.ho  sph'-r* 
of  training  requires  a  deeply  scientific  approach,  it  does  not  si.anu 
for  haste  and  subjectivism.  For  the  successful  introduction  of  now 
methods  of  training  it  is  necessary  to  thoroughly  develop  the  pro¬ 
cedure  for  the  formulation  of  a  pedagogic  experiment.  The  system  or 
training  in  the  forces  and  at  military  training  Institutions  Is  a 
very  complex  dynamic  system,  in  which  a  pressure  on  one  parameter 
causes  ten  diverse,  sometimes  completely  unexpected  aftereffects. 

Thus,  during  the  check  of  the  effectiveness  of  programmed  training  It 
is  necessary  to  consider  such  "masking"  factors  as  the  possibility  of 
the  preconceived  (>t  Is  irrespective  -  positive  >r  negative)  relation¬ 
ship  of  the  Instructors  and  rxar.lners  to  the  method  being  cheeked, 
the  temporarily  inernuaeu  Interest  »f  students  tr.  »meU.l<ig  rvr.»,  ete. 
Therefore,  In  setting  up  an  experiment  It  Is  necessary  Investigate 
ahead  of  time  the  conditions  of  the  teoult  o.*  the  n.<  th..  i,  l.e.,  when 
one  can  be  confident  thut  the  pedagogic  success  obtain*. J  ?.s  not  the 
result  of  the  random  confluence  of  circumstances,  but  actually  the 
natural  consequence  of  the  utilization  of  the  new  method.  For  example, 
the  multiple  descriptions  of  pedagogic  experiments,  constructed  on  a 


‘it  is  possible,  fur  example,  that  the  quantitative  value  of 
effectiveness  of  training  based  on  formula  where  na  - 

the  quantity  of  correct  answers  to  standardized  examination  questions 
at  the  end  of  training,  n  -  the  quantity  of  correct  answers  to  the 

3ame  questions  prior  to  training,  nm  -  the  quantity  »f  ■*.  . .  ■••••.< 

in  a  montn  after  examination,  r  -  the  time  »f  prcpuratl  .n  In  tinning 
hours,  n  -  the  cost  of  one  training  hour.  The  total  number  Interro¬ 
gated  is  proposed  os  constant,  or  the  absolute  magnitudes  are  rei  .aced 
by  percentage  relations.  It  is  obvious  this  criterion  possesses 
deficiencies  which  are  inherent  to  all  "compound"  criteria. 
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comparison  of  2-4  training  groups,  subunits,  or  courses,  unfortunately 
do  not  possess  the  necessary  authenticity.  As  a  rule  a  result  becomes 
significant  only  with  the  carrying  out  of  many  observations  and  the 
introduction  of  mathematical  statistics  ae  laws.  In  this  case  it  is 
important  not  only  to  collect  statistical  material,  but  also  to 
process  it  scientifically.  The  Inadequate  mathematical  strictness  of 
treatment  is  a  very  frequently  enccuntered  deficiency  in  the  posing 
of  ouch  experiments. 

The  thematlcs  of  investigations  and  of  experiments  connected 
with  programmed  training  is  very  diverse.  At  various  scientific 
centers  they  are  currently  working  on  the  clarification  of  a  rational 
relationship  between  programmed  training  and  Independent  work  with 
scientific  literature  at  various  stages  of  training.  They  are  study¬ 
ing  the  proportions  of  combinations  of  exercises  on  teaching  machines 
with  the  usual  lectures,  and  they  are  searching  for  paths  of  averting 
the  loss  of  emotional  information  during  machine  training.  The 
question  of  the  combination  of  checking  of  knowledge  with  the  help 
of  machine-controllers  with  the  live  conversation  of  instructor  and 
student  is  being  studied.  No  less  Important  is  the  trend  of  the 
investigations,  the  goal  of  which  consists  of  determining  the  optimum 
sises  of  the  dose  of  material  in  a  programmed  course  by  categories 
of  students  and  each  type  of  discipline. 

At  the  contemporary  level  of  development  of  a  electronic  machine 
building  the  creation  of  teaching  machines  with  almost  any  required 
program  is  possible.  However,  in  practice  they  often  go  over  the 
path  of  "accommodation”  of  the  psychics  of  the  student  to  the 
deficiencies  of  existing  technical  means.  Therefore  there  is  Important 
value  in  investigations  directed  to  the  solution  of  questions  of  con¬ 
trol  of  a  machine,  the  limits  of  Its  adjustment.,  rate,  loudness,  con¬ 
trast,  and  development  of  logical  diagrams  which  are  most  effective 
in  the  given  type  of  training  institution?.  Accumulated  experience 
.already  allows  the  approach  to  a  centralized  projecting  and  testing 
of  standard  technical  means,  teaching  machines,  and  equipment  for 
classes  of'  programmed  training  which  satisfy  both  psychologic-pedagogic 
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and  technical-economical  requirements.  As  concerns  the  most  general 
methodological  problems  which  appear  in  connection  with  the  rapid 
development  and  introduction  of  progressive  methods  of  education, 
then  here  there  is  a  need  of  further  investigation  of  questions  con¬ 
nected  with  the  clarification  of  the  nature  of  training  as  the 
depiction  of  objective  reality  and  the  process  of  control  of  the 
formation  of  the  psychic  features  of  personality  of  the  student,  with 
the  expansion  of  contradictions  peculiar  to  the  training  process 
generally,  and  to  programmed  training  specifically.  Here  one  should 
include  the  question  of  formation  in  the  students  of  habits  of 
flexible  dialectic  thought  under  conditions  of  training  according  to 
programs,  an  understanding  of  the  problem  of  the  true  place  of  the 
instructor  in  the  process  of  training  with  the  utilization  of  machines. 

Such,  in  our  opinion,  are  some  problems  which  have  to  be  solved 
in  connection  with  the  wide  utilization  in  the  forces  and  at  military 
training  Institutions  of  the  new  methods  of  training,  on  the  base  or 
the  utilization  of  concepts,  means,  and  methods  of  cybernetics. 


Let  us  sum  up  briefly  the  consideration  of  the  methodological 
questions  of  che  utilization  of  cybernetics  in  the  training  of  soldier... 

A  cybernetic  model  of  the  process  of  training  is  a  sufficiently 
effective  means  of  its  investigation.  It  makes  it  possible  to  reveal 
contradictions  and  the  weak  sides  ol  the  traditional  methods  of 
training,  to  show  the  paths  and  methods  for  perfecting  the  training 
process,  and  rather  clearly  formulates  tne  criteria  of  effectiveness 
of  training.  It  also  exposes  the  true  place  of  teaching  machines  in 
the  training  process}  they  do  not  replace  the  Instructor,  but  only 
increase  the  productivity  of  pedagogic  labor. 

Prog rarvsr-l  '.raining  1.:  one  of  *►.  •••  » 

ment  of  the  pedagogic  process.  It  combines  successfully  in  itself 
the  advantages  of  collective  and  individual  training,  it  increases 
the  activity  and  independence  of  the  students,  and  it  trains  them 
for  intensive  mental  work. 
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The  greatest  effect  is  achieved  if  the  application  of  programmed 
materials  is  combined  with  the  use  of  cybernetic  teaching  machine- 
controllers,  coaches,  trainers,  and  others.  The  introduction  of 
teaching  machines  in  the  training  process  is  especially  fruitful 
during  the  study  of  the  material  part  of  a  weapon  and  combat  equip¬ 
ment,  In  the  development  of  skill  in  its  operation  and  the  elimina¬ 
tion  of  malfunctions,  and  also  the  methods  of  its  combat  utilisation. 

The  basic  goal  of  the  application  of  methods  of  programmed 
training  and  cybernetic  devices  is  to  increase  the  productivity  of 
pedagogic  work,  the  quality  of  training,  and  its  economy.  However, 
those  methods  have  an  effect  only  when  military-pedagogic  investiga¬ 
tion  determined  the  specific  criteria  of  effectiveness  of  measures 
and  showed  the  most  expedient  type  of  programs,  algorithms,  and 
teaching  machines. 

H,  The  Methodological  Questions  of  the  Application 
of  Cybernetics  In  the  Sphere  of 
Control  of  ffroopB 

In  recent  years  in  the  armies  of  the  major  world  powers  great 
value  has  been  attaohed  to  the  perfection  of  systems  and  processes 
of  control  of  the  troopa.  The  moot  effective  means  of  their  perfec¬ 
tion  is  considered  automation  and  the  wide  implementation  of  radio 
electronics.  Thus  according  to  the  American  press  in  the  US  Air 
Porce  in  operation  and  in  various  stages  of  assimilation  and  develop¬ 
ment  there  are  more  than  30  automated  systems  of  control.  Automated 
systems  of  control  of  air  defense  have  been  developed  in  England 
("bloodhound"  and  "Fire  Brigade"),  in  France  ("Strida-2")  and  in  a 
number  of  other  countries.  Automated  systems  are  known  for  control 
of  the  ground  forces,  such  as  "F1ELDATA"  (USA). 

Automation  is  the  most  Important  assignment  of  cybernetic!1!  In 
the  area  of  control  of  troopa.  However,  the  application  of  cybernetics 
in  this  sphere  is  not  limited  to  this.  The  application  of  cybernetics 
to  the  solution  to  assignments  for  the  perfection  of  systems  and. 
processes  of  control  of  the  troops  is  considerably  wider  and  mere 
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varied.  It  is  not  accidental  that  the  specific  term  "military 
cybernetics"  came  on  its  own.  It  designates  a  rather  independent 
military-technical  science  with  its  own  very  important,  extensive  ana 
specific  object  of  investigation  and  specific  methods  and  means. 

In  the  opinion  of  specialists  of  a  number  of  countries,  at 
present  the  following  paths  exist  for  the  perfection  of  systems  and 
processes  for  the  control  of  troops: 

—  the  special  procedure  for  selection  and  preparation  of 
commanders  and  staff  officers; 

—  scientifically  substantiated  selection  of  operational-tactical 
information  which  is  necessary  and  sufficient  for  the  optimum  control 
of  troops; 

—  search  for  the  optimum  (from  the  point  of  view  of  maneuver¬ 
ability  and  the  possibility  of  introduction  of  new  means  and  method? 
of  control)  organization  of  subunits,  units,  major  units  and  their 
staffs ; 


—  the  introduction  of  MOT  [Scientific  Organization  of  Ijjbor] 
methods  in  headquarters  and  control  points,  search  Tor  the  most 
effective  methods  of  treatment  of  opr  rational- tact  leal  rm.it  Jon, 
the  investigation  of  the  peculiarities  of  thought  of  the  cwtm'j'iuor 
in  various  systems  of  control,  and  the  development  ol'  jpilmuni 
algorithms  of  thought; 

-  and,  finally,  the  automation  of  syo’enu  and  pr^tv. ici's  of 

control  of  the  troops  -  the  development  of  Las'.c  prir.«  lf.  o-r,  ol  auto¬ 
mation,  development,  and  Introduction  of  electromechanical  and  elec¬ 
tronic  dev  ces  for  the  collection,  transmission,  processing,  storage, 
and  depiction  of  information,  the  do* -rr> 1  i on  of  t)  ••  :■••••  •’ 

tions  of  "the  distribution  of  duties"  between  people  and  automatic 
devices  in  each  link  of  control  of  the  troops  and  at  each  level  of 
development  of  science  and  technology. 
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In  the  carrying  out  of  all  these  measures  an  Important  role 
belongs  to  the  means  and  methods  of  cybernetics,  which  together  with 
the  theory  of  military  art,  military  psychology,  military  pedagogy, 
military  administration,  and  other  sciences  jointly  solves  the 
problem  of  increasing  the  effectiveness  of  the  control  of  troops. 

Cr.e  of  the  methods  for  Increasing  the  effectiveness  and  reli¬ 
ability  of  control  of  troops  is  a  toiontifioally  baud  p root  dura 
fop  th$  toltetion  and  preparation  of  personnel  for  oarrying  out  the 
funotiont  of  eotmandtPt  and  otaff  offietpt.  The  first  and  most 
necessary  criterion  for  such  a  selection' are  the  moral-political 
qualities  of  the  candidate.  In  many  respects  it  predetermines  every¬ 
thing  else,  sinoe  on  them  depends  the  desire  to  master  the  program  ol' 
training  and  to  overcome  the  difficulties  connected  with  personal 
psychological  and  physical  peculiarities  of  the  individual  himself. 
However,  as  testified  to  by  the  data  of  engineering  psychology, 
different  people  differ  rather  strongly  in  the  type,  nature,  and  the 
speed  of  reactions  to  stimuli,  in  the  ability  to  execute  these  or 
other  operations,  in  the  fatlguability  of  attention,  etc.  Moreover 
these  data  depend  in  many  respects  on  innate  qualities  changing  little 
in  the  prooess  of  education,  training,  and  conditioning.  Thus 
psychologists  arrived  at  the  conclusion  that  a  considerable  number 
of  aviation  emergencies  and  catastrophes  occurs  only  because  behind 
the  controls  there  turns  out  to  be  people,  who  based  on  the  structure 
of  their  nervous  system  and  psychic  mentality  should  not  be  allowed  to 
fly  an  aircraft. 

Based  on  intensity  and  psychic  load  the  work  of  commanders  and 
staff  officers  under  conditions  of  contemporary,  in  particular  - 
rocket-nuclear,  war  will  be  exceptionally  severe.  Commanders  are 
obliged  in  a  limited  time,  moreover  under  conditions  of  Increased 
danger,  tc  skillfully  process  a  large  quantity  of  operational-tactical 
information  and  on  the  basis  of  frequently  insufficiently  complete 
data  to  make  responsible  decisions.  Therefore  military  psychologists 
have  validly  raised  the  question  about  the  need  to  consider,  in  the 
selection  of  candidates  for  work  in  particularly  responsible  links  of 
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control  of  troops,  the  physiological,  mental,  and  psychological 
peculiarities  of  people,  such  as  emotional  steadiness*; ,  psychic 
strength,  etc. 

It  is  obvious  that  the  principles  of  selection  of  personnel  for 
staffs  and  control  points  must  be  substantially  different  than  for 
fliers  or  radar  station  operators.  In  all  appearances,  here  specific 
value  is  acquired  by  the  investigation  of  the  behavior  of  candidates 
In  probabilistic  (stochastic)  situations,  types  of  subjective  pref¬ 
erences  and  adjustments  characteristic  for  a  given  candidate,  and 
also  his  ability  to  solve  creative  aasignments  (for  example,  of  the 
"labyrinth"  type1).  At  the  same  time  the  functions  of  commanders  and 
staff  officers  in  automated  systems  of  control  of  troops  will  in  some 
measure  resemble  the  function  of  operators  who  are  controlling  complex 
technical  complexes.  Therefore  the  procedure  for  the  selection  of 
officers  for  automated  systems  of  control  of  troops  (ASUV)  should 
perceive  many  features  of  the  procedures  for  the  selection  of  fliers, 
operators,  and  mechanic-drivers. 

Whatever  would  be  concrete  procedures,  the  fact  itself  of  the 
scientifically  founded  selection  of  candidates  for  work  in  the  systems 
of  control  of  troops.  In  particular  In  automated.  Is  doubtless.  It 
is  clear  that  other  conditions  being  equal  a  system,  where  personnel 
with  a  higher  reaction  rate  are  working  who  are  subject'd  only  to 
such  a  form  of  fear  (sthenic)  at  which  resourcefulness  uno  initiative 
rise,  and  traired  In  the  rapid  processing  of  information,  will  con¬ 
trol  subordinate  subunits  and  battle  complexes  more  effectively  than 
a  system,  the  personnel  of  which  have  been  selected  without  consider¬ 
ing  such  requirements.  The  selection  of  candidates  is  Important,  but 
only  the  Initial  stage  of  the  enormous  work  on  the  preparation  and 
training  of  personnel  for  control  systems.  Besides  general  military 
and  political  preparation  these  officers  should  receive  special 
administrative  training. 


‘See  D.  N.  Uznadze.  Psychological  Investigations.  Publishing 
house  "Nauka,"  1966. 
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of  course  Military,  cybernetics  and  automation,  inputting  objective 
quantitative  criteria  if  effectiveness  of  actions  and  placing  at  the 
disposal  of  the  commander  more  than  before  in  the  amount  of  processed 
operational- tactical  information,  in  some  treasure  reduce  the  possi¬ 
bility  of  the  manifestation  of  subjectivism.  However,  its  other 
reasons,  such  as  the  lack  of  comprehension  of  relationship  of  objective 
and  subjective  in  an  armod  struggle,  a  low  theoretiCAl-cognitive 
cult-.e,  the  lack  of  comprehension  of  the  essence  of  control,  and, 

•finally,  disbelief  in  the  recommendations  of  science,  can  be  cured 
only  by  the  gocJ  comprehensive  administrative  training  of  commanders 
and  staff  officers. 

< 


l 


The  wide  Introduction  of  automation  not  only  does  rot  remove,  u-.i 
they  thought  some  time  back,  the  need  for  the  development  of  psycho¬ 
logical  problems  of  control  of  troops,  but,  on  the  contrary,  makes 
them  still  actual  ard  adds  new  problems  to  them. 

Specifically  the  talk  is  that  with  the  advent  of  ASUV  the  nature 
of  the  battle  activity  of  a  commander  and  his  place  in  the  system  of 
control  were  substantially  modified.  In  the  process  of  realization 
of  a  combat  mission  the  commander  who  Is  working  in  such  u  system 


Recently  specialists  on  the  control  of  troops  are  focusing 
specific  attention  of  the  moral-psychological  training  of  personnel 
wno  are  working  in  the  control  system.  In  all  probability  this  is  a 
specific  reaction  to  the  fact  that  in  preceding  period  the  approach 
to  control  (lnoludlng  development  of  ASUV,  the  determl nation  of  the 
criteria  of  their  effectiveness,  reliability,  etc.)  was  too  "technical." 
In  the  literature  they  persistently  emphasized  role  of  "human  ll.iks," 
their  Influence  on  quality,  and  the  reliability  of  systems.  Indeed 
the  officers  of  control  systems  perform  calculations  and  solve  com¬ 
plex  logical  assignments  not  in  the  quiet  of  a  study,  but  under  con¬ 
ditions  of  armed  struggle.  In  making  a  decision  frequently  a  com¬ 
mander  docs  not  have  exhausting  Information  for  this,  however,  in 
% 

Issuing  an  order  he  does  not  have  the  right  to  display  his  doubt  to 
subordinates,  since  already  thiE  by  itself  can  serve  as  the  cause  for 
failure  even  under  favorable  conditions. 
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usually  is  connected  with  his  nuperioi-.i  und  subordinates  Indirectly 
through  the  technical  means  of  "ranstnis^lon  and  processing  or  Infor¬ 
mation.  tinder  •  unil  tli  ns  '  hr  order  •»'  ■■ \  commnn-ier  U<  perceived 

by  an  executor  in  the  l\»pm  of  an  abstract  '  n  format  Ion  model.  However, 
it  Is  kn.wn  that  the  control  of  battl ■  Is  not.  ortly  an  abstract- 
loglcal,  purely  rational  process.  The  danger  ol  the  battle  situation 
and  the  chronic  deficiency  of  operaMonui- tactics i  Information  lead 
to  the  fact  that  control  of  battle  requlrn::  not  semantic,  but 

also  emotional,  tuoral-vnlltional  pret  sure  or  :;uoo**di  oaten,  »  ne.'.ro. 
of  their  psychics.  Nevertheless  the  possibl  I  l  tie:  or  such  an  emotion-, 
pressure  in  automated  systems  are  reduced.  With  the  indication 
method  of  transmission  or  orders  the  personality  of  the  commander 
loses  for  the  ru'oordinates  the  features  of  sensual  specificity  and, 
naturally,  its  psychological  influence  is  diminished. 

It  is  known  that  automated  systems  in  the  first  place  are  created 
there  where  to  the  capabilities  of  man  for  the  processing  of  opera¬ 
tional-tactical  Information  have  reached  the  psychophys to logical 
limit.  Therefore,  in  such  systems  only  the  necessary  minimum  of  in¬ 
formation  Is  transmitted.  In  this  case  it  frequently  happen:,,  that 
for  the  increase  In  the  volume  of  Infernal  Ion  for  the  iflcer  of  the 
higher  link,  on  the  plotting  board  if  whlcn  'he  ;;  liu.-itlo  and  the 
solution  of  the  <  ixomandor  appear  In  the  logical  completeness  necessary 
for  work.  It  is  necessary  to  reduce  the  quantity  of  Information 
supplied  to  the  executor  (for  example,  to  the  pilot  • >r  a  fighter- 
interceptor).  An  index  on  the  screen  of  a  search  locator  of  a  rifle 
sight  by  no  means  reveals  the  intention  of  a  commander  In  its  rational- 
logical  completeness. 

In  the  la'  Mr  rase  a  contradiction  appears  in  the  'ptlmum  c-.n- 
dltions  of  transmission  of  the  necessary  semantic  and  emotional  in¬ 
formation.  The  natter  Is  that  need  of  emotional  information  sharply 

Increases  namely  In  the  case  nf  •>  sh.'»*w  •’  V •*!■•?. »  ’  . 

faith  in  the  commander,  in  his  Intelligence,  knowledge,  and  bailie 
experience  are  especially  necessary  when  the  logic  of  the  commander’s 
decision  is  known  to  the  end  and  clear  to  the  subordinates.  C*n  the 
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other  hand,  in  automated  systems  of  control  the  commander  himself 
loses  a  considerable  part  of  the  specific-sensual  picture  of  battle. 
The  enemy,  the  situation,  and  the  subordinates  on  his  plotting  board 
.look  completely  abstract  -  in  the  form  of  marks,  indices,  and  digits. 
The  dynamics  of  battle  in  this  case  is  perceived  as  a  certain  play 
situation,  and  the  probability  of  victory  or  defeat  is  evaluated  as 
.a  definite  quantitative  measure.  In  a  known  sense  the  practical 
picture  of  the  struggle  of  the  will  and  natures  of  living  people  is 
.overshadowed  here  by  the  picture  of  competition  of  intellect  and  of 
technology. 

Contemporary  automated  systems  have  already  posed  the  problem  of 
specific  moral-psychological  and  volitional  training  of  commanders, 
staff  officers,  and  engineer-operators. 

The  dismissal  of  moral-psychological  factors  as  a  value  of  the 
"second  order  of  smallness"  in  the  reasonings  of  a  commander  or 
officer  working  in  an  ASUV  is  now  especially  inadmissible,  because 
they  are  entrusted  with  powerful  contemporary  weapons.  The- dialectics 
of  the  role  of  people’s  masses  and  personalities  under  the  conditions 
of  nuclear  rocket  war  is  such,  that  together  with  the  general  increase 
in  the  ''cle  of  the  masses  in  the  fates  of  war  and  peace  it  is  neces¬ 
sary  co  consider  that  role  which  can  be  played  by  a  separate  per¬ 
sonality  which  is  provided  with  specific  authority.  Under  these 
conditions  the  problem  of  the  ideological,  moral-political,  and 
volitional  training  of  commanders  is  advanced  to  the  foreground. 

In  completing  the  discussion  of  the  problem  of  selection  and 
preparation  of  personnel  for  the  systems  of  control  of  troops,  it 
must  be  noted  that  today  a  specific  value  is  acquired  by  the  oonttant 
training  of  ASUV  personnel,  since  the  combat  readiness  of  troops 
now,  more  than  it  ever  did  before,  depends  on  the  degree  of  combat 
readiness  of  the  systems  of  control:  their  effectiveness  and  reli¬ 
ability  in  combat  are  achieved  to  the  greatest  degree  at  the  price 
of  complication  of  the  processes  of  preparation  of  technology  to  the 
utilisation  and  Increase  in  the  periods  of  putting  personnel  into 
operation. 
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The  regular  carrying  out  of  training  of  personnel  of  the  contrc= 
systems  in  peacetime  is  connected  with  great  difficulties  and  invest~==»> 
ments,  which  complicates  the  development  of- Cattle  skills.  Now, 
according  to  information  of  the  foreign  press,  this  led  to  a  new 

requirement  for  the  ASUV  apparatus:  to  incorporate  special  blocks,  _ 

Imitating  the  battle  situation  and  allowing  the  conducting  of  ayste-r^ 

matlc  training  and  checking  of  the  battle  readiness  of  personnel  ana. _ 

technology . 


An  Important  means  of  increasing  the  effectiveness  of  control 
is  the  toitntifioally  baud  ttltotion  of  the  information  uhioh  it 
ntotttary  and  tuffioitnt  for  tht  optimum  oontrol  of  troopt. 

Objectively  the  quantity  of  information  necessary  for  optimum - ; 

oontrol  is  determined  by  the  composition  of  troops,  their  armament,  .... 
and  the  nature  and  Intensity  of  military  actions.  Let  us  say  that 

the  more  diversified  the  structure  and  armament  of  the  subunit,  the - 

more  information  should  circulate  in  the  system  of  control  of  the 
unit.  This  objective  measure  of  complexity  of  objects  of  control 
determines  the  optimum  volume  of  Information  flows.  At  the  same 
the  concrete  value  of  optimum  also  depends  on  the  subjective  char¬ 
acteristics  of  personnel  engaged  in  the  control  system.  The  valve  oi_s 
each  bit  of  Information  depends  on  preparedness,  experience,  and 
Intuition  of  commanders  and  staff  officers,  on  how  they  achieved 
harmony  between  one  another  in  work  and  became  accustomed  to  the 

situation.  In  proportion  to  the  Increase  in  these  characteristics  _ 

the  flows  of  Information  are  noticeably  reduced.  < 

As  a  rule  the  objective  conditions  of  an  armt'-i  struggle  create  . -- 
a  difficulty  in  the  obtaining  of  the  necessary  (valuable)  Informatir-^: 
about  an  enemy  and  even  about  our  own  troopr.  and  neighbor**.  ' ? 
generates  the  natural  xnd  nccessar;.  tr-.-n-i  of  cmiuv.  ui»».  . ..  . . 
make  up  the  shortage  of  information.  H-wev.-fr,  frequently  such  a 
trend  leads  to  a«  increase  in  the  flow  of  Information  of  a  differe: — 
quality,  never  able  to  fill  the  existing  blank.  In  tnis  case  the 


false  belief  arises  that  a  surplus  of  information  Is  nevertheless 
better  than  a  shortage.  Practice  shows  that  frequently  the  higher 
headquarters  inquire  at  the  subordinates  for  information,  which  they 
knowingly  have  at  their  own  disposal  only  because  they  arc  not  able 
to  find  this  Information  themselves.  Zn  this  meaning  the  surplus  of 
information  is  equivalent  to  its  shortage. 

.The  assignment  of  determination  of  the  optimum  volume  of  infor¬ 
mation  flows,  the  reduction  of  the  redundancy  of  information  and  the 
increase  of  their  value  is  extremely  complex.  The  matter  first  of 
all  is  that  operational-tactical  Information  possesses  a  substantial 
qualitative  diversity,  and  therefore  the  direct  utilization  of 
recommendations  of  the  Shannon  theory  is  hampered  here.  Only  by 
separating  from  the  general  flow  the  information  of  a  given  quality 
(or  having  found  a  means  to  take  into  account  and  equalize  qualities) 
is  it  possible  to  use  quantitative  criteria.  Moreover  in  this  case 
it  is  necessary  to  consider  that  a  redundancy  of  informations  in¬ 
creases  their  interference  rejection,  which  under  conditions  of  armed 
struggle  is  of  paramount  value. 

Speuta lists  in  the  area  of  control  of  troops  and  the  organiza¬ 
tion  of  the  service  of  headquarters  consider  that  some  documents,  at 
first  sight  extremely  necessary  and  laborious,  sometimes  can  be 
replaced  by  3implo  standard  Information.  The  standardization  of 
operational-tactical  documents,  strictly  determining  their  form,  con¬ 
tent,  periods,  means  of  delivery,  and  the  selection  of  addresses,  can 
noticeably  reduce  the  flow  of  information  and  will  allow  the  freeing 
of  working  time  of  the  control  officers  for  creative  work. 

However,  the  practical  realization  of  such  a  standardization 
requires  a  comprehensive  investigation.  Specifically,  it  is  neces¬ 
sary  to  consider  the  data  of  psychologists  who  are  studying  opera- 
tlonal-tacttcal  thought.  They  indicate  that  for  making  a  leclslon 
a  commander  3hould  const r  ,;t  in  his  head  a  mental  (conceptual)  model 
of  the  combat  situation,  using  the  available  information  parameters  - 
the  totality  uf  information  about  the  thinking  and  solution  of  a 
higher  command,  about  the  grouping  of  the  enemy,  and  about  his  own 
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troops  and  neighbors,  in  this  ca3e  the  correctness  of  the  concept, 
with  which  a  commander  approaches  the  understanding  of  the  sltuat ! 
in  the  first  placu  will  depend  on  the  structure  and  quiM'v  ■' 

information  model.  Therefore  an  unskiil fully  carried  out  Kt undue j - 

tion  of  combat  documents  will  become  the  cause  ol'  a  template  in  the- -- 
making  of  decisions.  To  avoid  this  the  development  of  measures  for 
the  optimization  of  the  flows  of  operational-tactical  information  a:__o 
the  standardisation  of  Information  is  usually  charged  to  quail  flea 
officers,  without  resorting  to  "amateurism"  in  this  complex. end 
delicate  matter. 

An  Important  role  in  the  perfection  of  the  systems  of  control  z^z 
troops  is  played  by  the  optimiMation  of  tho  organisational  strueturt=. 
of  subunits,  units,  major  units,  and  thsir  staffs .  It  makes  it 
possible  to  increase  the  maneuverability  of  troops  and  facilitates 
the  introduction  of  new  means  and  methods  of  control. 

The  organizational  structure  of  forces  and  headquarters  is 
determined  by  a  whole  series  of  factors,  caused  by  the  tactteal- 
\  technological  data  of  weapons  and  battle  equipment  which  is  found  l:-.— 

the  armament,  by  the  tactics  of  contemporary  combat,  by  the  moral- 
political  qualities  of  personnel,  and  also  by  the  preparedness  .  •' 
officers  and  the  level  of  development  of  means  ar.d  methods  for 
control  of  troops.  The  complexity  of  the  solution  to  the  problem  r: 
increasing  maneuverability  lies  in  the  fact  x.hat  the  structure  of 
the  forces  is  determined  by  the  whole  -lomplox  of  requirements,  u\i 

that  is  why  far  from  always  the  satisfaction  of  only  some  arrange -  J 

ments  of  maneuverability  will  increase  the  total  combat  eapabllltle.-;.-  - 
of  the  troops.  Thus,  the  consolidation  of  subunits  can  lead  to  a 
lowering  of  their  maneuverability,  and  a  breaking  up  Into  smaller 
units  -  to  a  decrease  in  fire  power  and  Independence.  Therefore  tv--  . 
assignment  of  optimisation  of  structure  for  the  purpose  of  ln.  r?i 
maneuverability  !>•  •••  Ived  r.;>*  '•mr*,  bu*  r*r»  •  asl  •  •• 

htnsivs  calculation  of  possible  aftereffects. 

Even  if  the  problem  of  maneuverability  is  broken  down,  we  fis. . 
contradictory  requirements,  the  simultaneous  fulfillment  of  which 

13* 
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requires  a  reasonable  compromise.  Actually,  in  striving  in  any  case 
’.o  guarantee  the  utmost  reticence  of  control,  we  will  be  forced  to 
il  JTemalate  and  reduce  the  flow  of  operational-tactical  information 
so  much  that  control  in  such  a  system  will  lose  flexibility,  and 
possibly  continuity.  Consequently,  a  system,  which  Is  better  in  one  . 
respect,  will  not  necessarily  be  better  {n  all  reepee to. 

Por  the  past  an  approach  was  characteristic  in  which  the  ruling 
trend  was  to  make  each  parameter  of  a  system  the  best  individually. 

The  contemporary  systematic  approach  to  the  investigation  of  complex 
structures  speaks  the  reverse.  The  most  probable  la  namely  that 
variant  of  the  solution  to  a  problem,  when  xaeh  of  the  requirements 
in  the  system  is  solved  not  in  the  vejry  best  manner  (for  example, 
neither  maximum  reticence,  nor  maximum  flexibility,  nor  maximum 
operative  status,  etc.,  are  achieved),  however,  on  the  whole,  in  a 
oompltx  this  solution  in  the  given  time  is  the  best.  "Common  sense," 
requiring  the  maximum  of  each  parameter  to  be  attained,  lc  applicable 
only  in  the  case  of  elementary  systems.  In  respect  to  complex  systems 
it  comes  forward  as  the  antipode  of  science  and  leads  to  subjective 
appraisals. 

During  the  Investigation  of  organizational  structure  it  is 
Important  to  consider  the  level  of  the  administrative  preparation  of 
officer  personnel  and  the  degree  of  development  of  the  means  of  cwn- 
i i  .1  of  troops.  Specifically,  it  is  necessary  to  consider  the  effects, 
caused  by  the  automation  of  control  such,  as  the  possibility  of 
decreasing  the  number  of  intermediate  steps,  the  reduction  of 
hlersrchical  stairs,  "rectification"  or  control  systems,  the  re¬ 
distribution  personnel,  change  in  the  requirements  for  its  capabilities, 
preparation,  and  qualification.  One  should  also  consider  the  already 
mentioned  effect  of  the  possible  reduction  of  personal  contact  and 
exchange  of  emotional  information  and  take  appropriate  measures 
ahead  of  time. 

At  the  same  time  it  is  important  to  understand,  that  far  from 
any  organizational  structure  of  automation  of  control  of  troop.*  cun 
give  an  effect.  In  certain  cases  an  attempt  to  incorporate  new  means 
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and  methods  of  control  while  preserving  the  multistage  hierarchical 
structure  can  lead  to  disappointing  results.  It  can  even  happen  tl.at, 
without  substantially  raising  the  operational  status  of  control ,  «*ito- 
mation  will  only  lower  the  reliability  of  a  system  and  increase  the 
staffs.  Conversely,  with  a  correspondence  of  the  organizational 
structure  of  troops  and  headquarters  to  the  requirements  of  automa- 
tion,  as  a  rule  it  is  possible  to  obtain  a  steady  positive  effect. 

Let  us  note  also  that  the  organisation  of  a  control  system, 
wonderfully  suited  to  the  present-day  level  of  development  of  armament 
tactics,  and  methods  and  means  of  control,  tomorrow  can  be  unsuitable 
in  general  and  the  search  for  an  optimum  structure  will  have  to  begin 
again.  There  are  no  absolute  solutions  which  exist  outside  of  time 
and  are  not  related  to  a  specific .level  of  developments  of  military 
affairs. 


One  additional  trend  in  the  perfection  of  systems  for  the  con¬ 
trol  of  troops  Is  the  introduction  of  ths  methods  of  SOT  in  head¬ 
quarters  and  eontrol  points,  the  nearer-  for  the  meat  eff-etijs  methods 
of  treatment  of  opsrational-taetioa’-  information,  the  investigation 
of  the  peculiarities  of  thought  of  the  commander  in  various  systems 
of  eontrol,  and  the  development  of  the  optimum  algorithms  of  thought. 
The  introduction  of  NOT  methods  in  work  of  headquarters  and  control 
points  represents  a  rather  wide  circle  qf  measures.  It  embraces  the 
organisation  of  the  working  place  for  the  officer,  tho  selection  of 
illumination,  the  determination  of  optimum  sizes  and  form  of  tables, 
nomograms,  and  ruler,  and  the  scales  of  maps.  This  includes  the 
working  out  of  a  rapid  and  calm  rhythm,  a  business  style  of  opera¬ 
tion  of  headquartere,  and  coordination  und  mutual  understanding. 

Specialists  have  found  the  dependence  of  the  productivity  of 
mental  work  on  the  ilium) nation  of  the  working  place,  the  colors  and 
size  of  objects,  utilized  in  the  course  of  work,  and  in  the  case  »r 
the  utilization  of  devices  and  automated  mean::  for  :'.ln/.  I:<f-i- 
mation  -  on  the  characteristic  of  their  scales  and  screens.  The  eyes 


are  tired  most  strongly  by  a  blue-violet  color,  and  the  l«a3  t  -  by 
green.  The  greatest  visual  discomfort,  l.e.,  a  sense  of  stress  and 
incunvenience,  is  caused  by  the  presence  of  blinding  sources  in  the 
field  of  vision.  In  thl6  case  especially  strong  blinding  effect  Is 
possessed  by  yellow  and  red  light.  The  large  drops  in  brightness 
are  inadmissible  even  for  the  signaling  of  emergency  situations. 

Tho  contrast  sensitivity  of  sight,  its  keenness,  the  quickness 
of  perception  and  fatigability  depend  not  only  on  the  Illumination 
and  the  colorfulness  of  the  working  place  and  screens,  but  also  on 
the  general  illumination  of  the  CP  premises  [command  post]  or  opera¬ 
tor's  room.  Unsuccessful  illumination  causes  tiredness  of  the 
muscular  apparatus  of  the  eye  which  ensures  the  possibility  of 
accommodation,  change  in  the  diameter  of  the  pupil,  and  the  mobility 
of  the  eye.  Tiredness  ie  developed  especially  rapidly  if  the  opera¬ 
tor  has  to  frequently  transfer  view  from  a  plotting  board  (a  screen), 
located  at  a  close  distance,  to  a  signal  panel  set  back  In  the  depth 
of  the  premises.1 

Inveatlgatlons  showed  also  that  the  productivity  of  mental  work 
ttubftiMntlaUy  depends  on  the  level  of  audible  noises,  vibrations,  and 
the  composition  of  the  air.  Thus,  in  the  experiments  conducted  by 
the  psychologist  X.  Ioseliani  shaking  with  an  amplitude  of  0.4  mm  and 
a  frequency  of  about  60  periods  per  second  in  all  the  experimental 
subjects  lowered  the  productivity  of  thought  almost  two  times,  more¬ 
over  after  the  curtailment  of  vibration  only  three  of  the  forty 
experimental  subjects  rapidly  regained  normal  productivity.  In  the 
case  of  oxygen  deficiency  the  rate  of  work  is  barely  lowered,  but 
then  the  number  of  errors  increases  sharply.1 


‘See  B.  P.  Lomov.  Man  and  technology.  Publishing  house 
"Sovetskoye  radio,”  1966. 

*See  X.  Ioseliani.  The  effectiveness  cf  mental  activity 
depending  on  its  tempo.  "Problems  of  psychology,"  ’968,  No.  1. 
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In  connection  with  this  a  scries  of  contradictory  requirements 
appears.  On  the  one  hand,  for  Increasing  the  effectlveneur  cf  con¬ 
trol  It  Is  necessary  to  strive  to  ensure  the  maximum  :omr.  i  t  for 
personnel.  Investigations  showed  that  the  regulation  only  of  illumina¬ 
tion  and  noise  can  increase  the  productivity  of  work  by  251.  However, 
to  preserve  this  comfort  fdr  a  long  time  under  practical  battle  con¬ 
ditions  in  the  majority  of  links  of  control  It  Is  not  possible.  A 
sharp  passage  to  worse  conditions,  as  a  rule,  causes  the  additional 
lowering  of  the  productivity  of  mental  activity  and  strongly  Influent** 
the  overall  psychic  state  of/ people.  An  opposite  requirement  appears: 
to  guarantee  the  unpretentiousness  of  systems,  to  provide  spare 
variants,  ar.d  to  constantly  train  personnel  for  work  In  emergency 
situations. 

Measure  for  NOT  in  the  organs  of  control  consider  also  the  ige 
peculiarities  of  various  groups  of  soldiers.  Investigations  showed 
the  presence  of  a  stable  dependence  of  the  rate  of  reactions  to 
stimuli,  sensitivity,  and  functional  mobility  of  the  visual  and 
auditory  apparatus,  and  also  the  ability  to  endure  overloads,  vibra¬ 
tion,  and  oxygen  starvation  on  age:  In  approximately  jo  yuirs  ail 
these  Indices  begin  to  be  lowered.  Therefore  the  solution  V-  M:« 
problem  proposes  two  types  of  measures:  on  one  hand,  the  distribution 
of  functional  duties  in  accordance  with  aee-qualificatlon  peculiar¬ 
ities,  and  on  the  other  -  the  adjustment  of  the  equipment  or  working 
places  and  devices  for  depleting  operational-tactical  information  be 
most  probable  age  of  the  given  category  or  soldiers,  let  us  ray  the 
devices  for  depicting  at  the  CP  of  a  battalion  or  regiment  should  be 
different  than  at  tne  CP  of  an  apr*y;  the  devices  and  equipment  should 
have  a  {sufficient  range  of  adjustment  In  order  to  take  Into  account 
the  individual  peculiarities  of  each  Individual  soldier. 

An  important  measure  In  the  NOT  system  is  the  development  •> f  a 
rapid  and  calm  rhythm,  business  style  of  work  of  the  orjrir  :>  .-on- 

trol,  coordination,  ui.J  mutual  understanding.  For  ti.ls  ■  .  it.  noces- 
aary  to  think  out  in  detail  the  sequence  of  operations  being  executeu 
by  various  soldiero,  to  establish  strict  time  norms,  and  to  accurately 


determine  the  volume  and  content  of  documents  being  worked  on  by  each 
soldier.  In  aviation  headquarters  for  this  goal  they  apply  network 
planning  specifically.1 

At  the  same  time  the  development  of  business  style  requires  the 
calculation  of  personal  qualities  of  officers,  their  harmony  with 
each  other,  confidence,  respect,  and  readiness  to  come  to  assistance. 
Frequently  personal  moments  ("psychological  Incompatibility")  create 
unnecessary  -stress,  noticeably  reducing  the  effectiveness  of  control. 
The  date  from  psychology  and  pedagogy  testify  that  already  in  the 
appointment  of  officers  it  is  possible  in  some  measure  to  take  into 
account  whether  they  can  achieve  harmony  in  work  with  the  commander, 
the  chief  of  staff,  and  the  association  of  officers.  However,  even 
in  this  case  it  requires  a  great  deal  of  work  by  the  leaders  and 
.political  workers  in  order  to  unite  an  association.1 

An  indispensable  condition  for  increasing  the  effectiveness  or 
control  is  presence  in  officers  of  a  sufficient  reserve  of  operational- 
tactical  and  also  military-technical  knowledge.  Without  them  even 
the  most  abundant  'current  information  is  depreciated.  However, 
knowledge  alone  is  little,  it  is  still  necessary  to  have  a  high  oulturt 
of  thinking.  In  most  cases  the  very  process  of  acquisition  of  know¬ 
ledge  noticeably  Increases  the  culture  of  ihlpking.  Nevertheless  the 
investigations  of  a  number  of  teachers  showed  .that  for  increasing  the 
effectiveness  of  thinking  special  measures  are7 necessary.  Indeed  it 
is  not  accidental  that  during  such  a  vigorous  development  of  science 
the  productivity  of  mental  work  in  the  last  50  years  grows  approxi¬ 
mately  10  times  more  slowly  than  the  productivity  of  physical  work. 

A  high  culture  of  thinking  first  of  all  assumes  a  solid  philo¬ 
sophical-methodic  preparation,  the  knowledge  of  the  laws  of  theory  of 


'See  "Aviation  ar.d  cosmonautics,"  1966,  No.  :i. 

'See  A.  V.  Barabanshchikov,  A.  D.  Olotochkin,  N.  F.  Fedenko, 

V.  V.  Shelyag.  The  psychology  of  the  military  collective.  Voyenizdat, 
1967. 


knowledge  and  the  skill  to  apply  them  in  practice  -  to  analyse  con¬ 
tradictions,  to  reveal  the  essence  of  phenomena,  to  separate  tn  a 
subjective  pattern  its  objective  base,  etc.  It  proposer  ala*,  the 
intimate  knowledge  of  contemporary  logic,  the  aklll  to  perceptively 
(and  then  usually  automatically)  put  into  practice  the  knowledge  of 
analysis  and  synthesis,  induction  and  deduction,  abstraction  and 
ascent  from  abstract  to  concrete,  conclusion  by  analogy,  etc.  Pinally, 
a  high  culture  of  thinking  requires  the  knowledge  of  the  elements  of 
the  theory  of  a  creative  thought  (heuristic)  and  the  mastering  of  the 
concrete  algorithms  of  operational-tactical  thought. 

The  use  of  computers  leads  to  the  fact  that  an  ever  greater 
quantity  of  "standard"  information,  which  does  not  require  creative 
comprehension,  is  processed  automatically.  In  the  most  perfected 
systems  already  a  redistribution  is  noted  in  the  specific  value  a 
formal-logical  and  creative  dialectical  thinking  of  officer- leaders. 

In  time  apparently  this  tendency  will  touch  a  wider  circle  of  service¬ 
men.  Under  these  conditions  doubt  appears:  is  it  worthwhile  to 
teach  people  reproductive  (i.e.,  reproducible  by  a  standard  arrange¬ 
ment)  algorithmic  thought.  If  In  time  all  the  formal  operations  will 
be  transferred  to  machines?  Should  not  one  concentrate  attention 
only  on  productive  creative  thinking,  the  regularities  of  which  ure 
almost  inaccessible  for  reproduction  in  contemporary  computers?  Por 
this  doubt  there  is  a  reasonable  bases,  and  the  most  expedient 
"distribution  of  duties"  between  man  and  machine  actually  consists 
of  transferring  to  the  machine  all  the  formal  processes  which  lend 
themselves  to  an  algorithmic  description,  and  to  leave  for  man  the 
solution  of  creative  assignments.1 

By  itself  the  concept  of  strict  regulation  of  cognitive  activity 
of  a  commander  la  not  new.  The  military  specialists  earlier  than 
others  understood  its  necessity,  as  a  result  of  which  the  regulations 
arid  directives  included  clear  Indications  about  the  -r  undor- 

s tending  of  ccmbat  missions,  estimate  of  the  situation,  preparation 

‘See  V.  N.  Pushkin.  Heuristics  -  the  science  of  creative 
thought.  Politizdat,  1967. 
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ami  inking  of  a  decision.  Mew  in  the  algorithmic  approach  Is  the 
lev<»l  of  detailing  of  thought  —  its  breaking  up  into  elementary 
operations  and  of  the  introduction  of  single-valued  orders  about  the 
order  of  their  realization.  Thus,  for  an  understanding  of  a  combat 
mission  contemporary  regulations  and  manuals  on  tactics  prescribe  for 
a  commander  the  following:  a)  distinctly  conceive  what  namely  is  the 
intention  of  the  senior  chief,  b)  what  are  the  intentions  of  the 
command  on  the  application  of  nuclear  weapons  and  other  means  of 
destruction  and  the  influence  of  the  expected  results  of  their 
application  in  the  realization  of  the  combat  mission,  c)  understand 
that  role  which  his  subunit  has  to  play  in  the  achievement  of  the 
goal  of  the  forthcoming  combat  actions.1  As  we  see,  these  are 
sufficiently  clear  instructions,  encompassing  the  basic  points  of 
the  process  of  understanding  of  a  combat  mission.  An  algorithm  is 
constructed  not  on  its  basis,  but  is  distinguished  from  it  by  the 
fact  that  each  of  these  points  is  dismembered  into  a  whole  series  of 
more  elementary  operations.  During  the  discussion  of  the  problem  of 
the  utilization  of  algorithms  for  increasing  t^e  effectiveness  of 
operational-tactical  thought  two  sufficiently  substantiated  retorts 
are  advanced:  in  the  first  place,  th~  mastering  of  algorithms 
requires  considerably  greater  work  t  i  the  mastering  of  the  situa¬ 
tions  formulated  In  usual  manuals  on  t  .tics;  in  the  second  place,  in 
the  practice  of  control  of  troops,  especially  with  experienced  com¬ 
manders,  the  formulation  of  the  mission,  the  estimate  of  the  situa¬ 
tion,  and  the  making  of  a  decision  most  frequently  flow  not  by 
"separations"  (execute  one...  execute  two...),  but  together,  con¬ 
voluted,  when  the  intention  appears  immediately  as  something  whole. 
In  this  case  namely  such  a  variant  carries  in  Itself  the  greatest 
change  of  creativity. * 


'See  Tactics,  page  116. 

Elements  of  "convolute"  solution  of  an  assignment  the  Investi¬ 
gators  observed  in  mathematicians,  and  thess  players.  Apparently  it 
is  one  or  the  characteristic  features  of  creation. 


At  firs4-  algorithms  do  not  give  a  noticeable  gain.  The  procedure 
for  studying  them  Is  very  complex,  requires,  the  utilization  of  a 
greater  number  of  charts  and  diagrams,  ar.d  It  proposes  the  utiliza¬ 
tion  of  explanations  which  are  more  comprehensive  than  when  using 
standard  manuals.  However,  when  the  algorithm  of  thinking  has  been 
developed  and  mastered,  then  it  proves  to  be  considerably  more  laconic 
and  plthier  than  the  Instructions  of  any  standard  manual  or  instruc¬ 
tions.  The  structural  clarity  of  an  algorithm  facilitates  the  expo¬ 
sure  of  the  important  main  points  of  a  process,  the  actions  in  which 
predetermine  the  success  or  failure  of  the  solution  to  the  entire 
assignment,  and  also  helps  to  explain  more  thoroughly  the  operational- 
tactical  meaning  of  a  situation,  and  to  justify  its  solution.  Finally 
algorithms  have  an  irreplaceable  quality  to  clearly  achieve  harmony 
in  work  under  conditions  of  Increased  psychic  stress.  Induced  by  the 
responsibility  of  action  or  by  the  danger  of  the  situation. 

As  concerns  the  "mental  convolution"  of  a  solution  or  its 
"Integral  vision,"  then,  as  a  rule  it  develops  in  a  commander  only 
after  he  comprehensively,  part  after  part,  thought  over  and  solved 
tens  and  hundreds  of  such  tactical  assignments  and  thoroughly 
"suffered"  over  the  comprehension  of  the  given  assignment.  In  other 
words  algorithms  by  no  means  prevent,  but  on  the  contrary  facilitate 
the  formation  of  command  intuition  and  in  this  sense  by  no  means  come 
forward  in  the  capacity  of  antagonists  or  creativity. 

Such  are  some  of  the  problems  appearing  in  the  course  of  the 
introduction  of  NOT  methods  end  the  development  of  methods  for  the 
effective  processing  of  operational-tactical  information  by  officers 
operating  In  the  systems  of  control  of  troops. 


The  most  effective  path  for  the  perfection  of  systems  and 
processes  of  control  of  troops  is  their  lutomation,  i 

and  introduction  of  technical  means  which  ensure  the  automation  of 
collection,  transmission,  storage,  processing,  and  depletion  of 
operational-tactical  information.  Specialists  consider  that  automatic 


of  control  of  troops  Is  the  cardinal  measure  for  Increasing  their 
effectiveness.  It  is  recognized  that  with  all  the  importance  and 
need  of  the  measures  enumerated  above  they  do  not  solve  the  problems 
which  emerge  completely  and  are  the  means  of  the  extensive  quantitative 
development  of  control  systems  on  the  basis  of  already  known  principles 
and  technical  means.  The  automation  of  control,  on  the  contrary, 
represents  an  Intensive  qualitative  Jump,  the  transition  to  new 
principles,  methods,  and  means.  In  this  case  automation  pierces 
with  its  Influence  all  the  previously  enumerated  measures  for  the 
perfection  of  the  systems  of  control  of  troops.  Thus,  the  selection 
of  officers  for  ASUV  should  be  conducted  by  other  criteria  than  for 
conventional  systems,  their  training  includes  elements  which  are  new 
in  principle}  the  volume  of  operational-tactical  information,  neces¬ 
sary  and  sufficient  for  optimum  control,  should  be  determined  from 
other  calculations,  it  is  connected  with  the  productivity  of  con¬ 
temporary  computers;  the  best  organisational  structure  is  attained 
only  by  allowing  for  "rectification"  and  other  effects  Induced  by 
automation,  and  measures  regarding  NOT  and  the  Increase  in  the  pro¬ 
ductivity  of  mental  work  of  officers  are  organically  merged  with  the 
assignment  of  optimum  "distribution  of  duties"  between  man  and 
computer. 

The  degree  of  automation  of  various  systems  of  control  and 
various  links  of  one  and  the  same  system  depends  not  only  on  the 
degree  of  need  and  its  realisation,  but  still  also  on  the  capabilities 
which  are  available  to  contemporary  science  and  technology  in  this 
stage  of  development  -  on  v/elght,  overall  sizes,  reliability  and 
economy  of  the  computer,  the  development  of  the  theory  and  practice 
of  programming,  on  the  degree  of  elaboration  of  the  appropriate 
divisions  of  logic  and  psychology  of  mental  work,  and,  finally,  on 
the  level  of  development  of  theory  and  practice. 

In  its  assignment  automation  has  been  called  on  to  remove  and 
solve  the  maturing  conti'adictions.  However,  at  the  same  time  auto¬ 
mation  in  the  course  of  its  development  -  sometimes  because  of  its 
•nonuniformity,  and  sometimes  because  of  the  very  nature  of  means 
being  applied  in  this  stage  -  generates  new  contradictions  and 
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aggravates  previously  existing  ones.  Let  us  say  if  computers  are  so 
organically  entered  into  systems  of  control  of  the  ground  forces  tli3t 
without  them  the  process  of  control  will  become  unthinkable,  but  In 
this  case  it  is  not  possible  to  improve  their  transportability,  then 
under  specific  conditions  they  can  become  a  factor,  limiting  the 
mobility  of  the  organs  of  control,  which  will  be  reflected  on  the 
operational  status,  and  on  the  continuity  of  control  and  even  on  the 
maneuverability  of  troops. 

On  each  stage  of  development  of  systems  of  control  of  troops  surs 
contradictions  find  a  specific  solution,  depending  on  the  level  of 
development  of  technology  of  electronic  machine  building,  general  and 
military  cybernetics,  the  degree  of  investigation  of  operational- 
tactical  thought,  and  development  of  the  theory  of  military  art  on 
the  whole.  The  concrete  level  of  automation  of  each  system  and  every 
link  in  it  depends  on  these  factors. 

The  methodological  problems  of  automation  of  control  of  troops 
represent  the  totality  of  a  wide  circle  of  Important  questions  which 
require  the  special  discussion  of  specialists  —  automation  experts, 
tacticians,  philosophers,  and  psychologists.  These  Include  questions 
about  contradictions  in  the  systems  of  control  of  troops  which  cause 
the  need  for  automation,  and  also  about  the  contradictions  which 
appear  in  the  course  of  automation,  and  about  the  possibilities  of 
automation  as  the  means  of  resolution  of  these  contradictions.  These 
Include  questions  of  the  place  and  role  of  automation  of  control  of 
troops  during  the  contemporary  revolution  in  military  affairs,  its 
conditionality  by  the  development  of  armament  and  military  art,  the 
reverse  effect  of  automation  on  the  development  of  armament,  the 
organisational  structure  or  troops,  and  on  the  meati3  and  form  of 
preparation  and  conduct  of  combat  actions.  This  is  also  a  question 
about  the  possibility  of  a  logic-mat hemat Leal  description  and  simula¬ 
tion  of  the  processes  of  control  of  troops,  about  the  oecu ! tar  l • ’ v  • 
of  thinking  cf  the  commander,  the  officer  of  the  organ  of  control, 
and  the  ASUV  operator,  about  the  specific  nature  of  their  moral- 
psychological  preparation  and  optimum  distribution  of  duties  between 
man  and  machine.  Finally,  about  the  tendency  of  changes  lrt  military 
professions  under  the  Influence  of  automation  cf  control  c:'  troops. 


We  Mill  give  some  of  the  results  „of  the  examination  of  the 
methodological  problems  of  the  utilization  of  cybernetics  in  the 
control  of  troops. 

Methods  and  means  of  technical  and  military  cybernetics  are 
finding  wide  application  during  the  carrying  out  of  a  whole  stvles 
of  measures  for  the  perfection  of  systems  and  processes  of  control 
of  troops,  beginning  with  the  selection  and  preparation  of  commanders 
and  staff  officers  and  ending  with  the  study  of  the  optimum  organiza- 
tlonal  structure  of  subunits,  units,  major  units,  and  their  head¬ 
quarters. 

The  most  cardinal  means  for  the  perfection  of  systems  and 
processes  of  control  is  automation.  Today  the  automation  of  control 
of  troops  is  widely  Implanted  in  the  practice  of  military  affairs  and 
it  pierces  and  makes  a  specific  print  on  all  measures  for  the  per¬ 
fection  of  control  of  troops. 

The  wide  application  of  cybernetics  In  the  sphere  of  control  of 
troops  and  especially  the  creation  of  automated  systems  require  the 
serious,  detailed  development  of  a  whole  series  phllosophlcal- 
methodologic.il  and  military-social  problems,  connected  with  the 
clarification  of  the  specific  nature  of  thinking  of  a  commander  in 
an  ASUV,  the  nature  of  creativity  and  the  possibilities  of  its 
simulation,  the  pecullartles  of  moral-psychological  training  of  ASUV 
personnel  the  tendencies  for  change  in  military  professions  under  the 
effect  of  automation,  and  a  number  of  other  problems. 
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CONCLUSIONS 


In  this  work  an  attempt  was  undertaken  from  the  positions  of 
Harxlst-Lenlnst  philosophy  and  Soviet  military  science  to  discuss 
the  philosophical  bases  of  cybernetics  and  the  methodology  of  Its 
application  In  military  affairs.  The  most  Important  philosophical 
questions  of  cybernetics  ara  the  clarification  of  its  object,  method, 
volume  and  content  of  basic  concepts,  future  of  development,  and  Its 
*jelal  (Including  military)  value.  The  examination  of  methodological 
problems  of  the  application  of  cybernetics  In  the  military  affairs 
proposes  the  discussion  of  questions  of  the  specific  nature  of  the 
sphere  of  control  of  a  weapon  and  troops,  of  the  paths  for  the  per* 
fectlon  of  systems  and  processes  of  control,  of  contradictions  in 
this  area,  of  automation  as  mean3  of  resolution  of  thnoe  contradic¬ 
tions,  of  the  relationship  of  man  and  technology  In  the' automated 
systems  of  control  of  troops,  etc. 

Although  the  majority  of  these  questions  In  one  way  or  another 
were  examined  In  the  book,  It  In  general  cannot  be  considered  exhaus¬ 
tive,  and  the  solutions  proposed  In  It  -  final.  The  matter  Is  that 
besides  those  shown  above  there  Is  a  large  quantity  of  other  philo¬ 
sophical-methodological  problems  which  are  Important  for  cybernetics 
and  military  affairs,  which  for  some  reason  were  not  brought  up  In 
this  work.  Moreover  not  all  the  problems  touched  upon  here  have  be»*» 
discussed  In  sufficient  detail  and  comprehensively.  Finally,  this  is 
how  the  question  stands,  because  the  rapid  development  of  military 
affairs,  cybernetics,  and  philosophy  rejects  the  possibility  of  the 
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advancement  of  any  final  Indisputable  truths,  suitable  for  all  times. 

In  a  number  of  cases  in  the  work  only  hypotheses,  more  or  less  suitable 
for  further  discussion  have  been  expressed. 

However,  a  number  of  concl'.'*  .ons  are  completely  indisputable. 

This  is  mainly  the  conclusion  that  in  proportion  to  the  further 
development  of  military  affairs  the  role  and  value  of  concepts, 
methods,  and  means  of  cybernetics  in  this  area  will  constantly  and 
steadily  increase.  In  this  case  we  have  in  mind  not  only  military- 
technical,  but  also  the  sphere  of  scientific  leading  of  troops^  con¬ 
trol  of  them  in  combat,  the  organization  of  training,  planning, 
providing,  shipments,  etc.  Therefore,  the  thorough  development  of 
the  methodology  of  the  utilization  of  cybernetics  in  military  theory 
and  practice  is  necessary,  and  an  investigation  of  what  will  arise  in 
the  nearest  and  more  distant  future  in  connec  Ion  with  this. 

The  second  important  conclusion  is  that,  in  solving  the  problem 
of  introduction  of  electronics  and  automation  into  the  sphere  of  con¬ 
trol  of  weapons  and  troops,  one  cannot  nihilistically  deny  the  role 
of  technology  or  the  role  of  man.  They  constitute  an  Indissoluble 
unity.  In  this  case  the  leading  role  always  remains  for  man.  "Our 
Party,"  said  the  Secretary  General  of  CC  CPSU  L.  X.  Brezhnev  in  a 
speech  at  a  reception  in  honor  of  graduates  of  military  academies, 
"originates  from  the  Leninist  studies  that  no  matter  how  high  the 
technical  preparedness  of  an  army,  man,  mastering  technology  to  per¬ 
fection,  remains  the  main,  decisive  force  in  war.  This  is  especially 
important  now,  in  the  century  of  rocket  and  nuclear  weapons,  when  the 
fate  of  war  will  be  decided  by  the  people  who  master  the  weapons  and 
combat  technology,  who  are  tempered  morally  and  physically  and  in¬ 
finitely  devoted  to  their  native  land,  the  Party  and  the  people.”1 

Hence  the  need  appears  for  comprehensive  utilization  by  military 
personnel  cf  scientific  achievements  in  military  construction,  ensur¬ 
ing  the  intimate  interdependence  of  science  with  practice,  the  develop¬ 
ment  and  utilization  of  genuine  scientific  methods  for  supervising 
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‘"Pravda,"  6  July  1967. 


troops  both  In  their  training  for  contemporary  war,  and  for  combat 
actions,  if  they  are  forced  on  ua  by  the  imperialist  aggressors. 
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